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SECTION 1

In conjunction with the redesign of sedimentation pond "A" of the Bear Creek Canyon Mine site,
various in place and laboratory soil tests were performed. Using the parameters obtained from
these tests, slope stability analysis were performed to confirm the stability of the 2H:IV interior

slope and determine a stable angle for the exterior slope.

SECTION II CONSTRUCTION

On September 29, 1983, I visited the site in conjunction with Wendell Owen of the Co-Op and
reviewed in detail the provisions taken at the site during construction. I also reviewed with Mr.
Owen the construction procedures which enabled me to determine how the embankment was

constructed to its present slope.



SECTION III MATERIAL TESTING

While at the site, using a Troxler 3411B nuclear density gauge, I determined the in-place density
of the embankment material. I also obtained moisture density samples and samples of the
embankment material, which I returned to the lab for additional testing. The results of these in-
place determinations indicate that the average in-place density of the material varied from 89%

to 94% of the laboratory obtained T-99 standard proctor.

I submitted a sample of the embankment material to Chen and Associates, a consulting
soil and foundation engineering firm, to determine the relationship of the loading to shear stress,
and to determine the internal cohesion. These results are included in the Appendix. The material
gradation results are also included in the Appendix. The gradation results indicated that the

material is free draining confirming the on site tests.



SECTION IV OCCURRENCE OF GROUND WATER

The results of the gradation analysis indicate that the material is free draining. This was further
observed at the site through reviewing the existing material in place and performing percolation
tests in the embankment. Because of the geology of the mine plan area the embankment is not
effected by ground water, but for purposes of analysis the soil was assumed saturated by the
water occasionally held in the pond. This assumed extent of saturation provides for conservative

results.



SECTION V FACTOR OF SAFETY

A computer model was constructed to analyze the stability of the embankment and the following

conditions were assumed.

1. The soil below the maximum water elevation on the interior slope to the toe of the

exterior slope (soil #2) was assumed saturated.

2. In-place soil density of 118 pounds per cubic foot.

3 2H:1V angles were used for both interior and exterior slopes.

A computer simulation was then applied to this situation to determine various failure
planes. The "Method of Slices" is the basis for the modified Bishop method computer program.
Various failure planes were investigated to determine a minimum factor of safety. The results of
these computer runs and a copy of the computer listing is attached in the Appendix. The results
of these computer simulations indicate that the minimum factor of safety with a .1 g earthquake

loading is 3.8 for the interior slope and 2.8 for the exterior slope at the point of maximum length.



SECTION VI CONCLUSIONS

In conclusion the sedimentation pond "A" embankment as now existing is:

1. Free draining.

2. No water was encountered in test holes dug in embankments.

3. No movement of the embankment has been detected.

4. The computer simulation on failure planes indicates that the factor of safety is at

least 2.8 with a 0.1 g earthquake loading for 2H:IV slopes for both the interior and

exterior of the embankment.
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WMATER UNIT WEIGHT= 62,48
POINT X=0RD ¥-0RD
1 8.e0 87.00
2 180. a0 87V.00
3 116.08Q $5.08
4 118.00 96,00
5 127.0¢ 56,00
& 155.8¢8 81,549
7 208,80 81.58
LINE LEFT RIGHT SOIL
1 1 2 2
2 2 3 2
3 3 é 2
4 5 7 2
S 2 4 1
6 4 S 1
7 S 6 !
SO0IL UNIT WEIGHT CCOHE
1 11g v
2z 11g 7
CIRCLE X-0ORD Y-ORD RADIUS
. 1o8.@ 94,8 19,2
SLICE WEIGHT INCLINRTION ca
1 255.8 -41.3
6€76.6 -29.1
3 994, 8 -18.3
4 1248.6 -8.2
S 1441.1 1.7
& 1573.8 11.6
? 1642.9 21.9
8 1636.9 33.1
9 1527.4 46.9
19 702.7 58.1
11 555.8 v1.e
12 69.9 83.6
ITERARTIQN INITIAL
1 1.0088
2 4.3859
3 4.5579
4 4.35¢68¢
FRCTOR OF SAFETY= 4,57 AT X=

EARTHARURKE= .10

Iaterior Sfof:é

SION </ SATURATED
o] 29 NO
8a 29 YES
FRACTOR OF SAFETY
4.57
HESIOHN WIDTH EFF WEIGHT
7ee 1.7 128.3
780 1.7 315.4
7080 1.7 467.82
7ae 1.7 587.2
78¢e 1.7 677.7
789 1.7 749.1
708 1.7 ?72.6
780 1.7 769.8
780 1.7 718.3
7Qa .9 352.8
780 .9 326.0
798 .2 58.6
CALCULATED
4,3859
4.5570
4.5669
4,5674
188 Y= 94 R= 18

<

29
29
29
29
29
29
2%
29
29
2%
23
29

fel. s
183.2
184.9
18£.6
188.3
110.9
1i1.7
113.4
115.1
115,85
117.4
117.9



WATER UNIT WEIGHT= £2.40

SoIL

Lol ol LS B S N N

COHE
?
7

19.8

co

POINT X-0RD Y-0RD
1 6.0d 87.90
2 100, 28 87.¢0
3 116.08 95.e@
4 i1g.68 9¢.00
5 127.08 9<. 00
6 156. 68 81.50
7 <80.08e al1.50
LINE LEFT RIGHT
1 1 2
2 2 3
3 3 &
4 6 7
S 3 4
) 4 S
7 S £
SOIL UNIT WEIGHT
1 118
2 118
CIRCLE %-0RD Y-0RrRD RADIUS
119.9 989.9
SLICE WEIGHT INCLINATION
1 119.8 -26.5
2 327.1 -17.9
3 497.2 ~9.86
4 633.8 -1.6
S 738. 4 6.3
6 8198.3 14.6
7 846.8 23.1
8 842.¢ 32.1
9 571.3 42.5
18 S14,1 48.8
11 423.2 5%.6
12 54.5 72.3
ITERATIOH INITIAL
1 1.0800
2 4.9462
3 5.6651
4 5.7885
FRACTOR OF SAFETY= 5.71

EARTHRUARKE= .19

AT X=

SIOH
a8
0o

FACTOR OF SAFETY

S.

HESICHN
700
798
78¢
788
@@
780
704¢
700
708
g1
720
788

CALE

119 ¥=

& SATURRATED
29 HO
29 YES

71

WIDTH
1.4

e ek pma b Pk bk b el
. . »
IV I B TN N S S g

ULATED
4.9462
5.6651
5.788S
5.7108

98 R=

EFF

18

WEIGHT
56.3
153.8
233.8
298.1
347.2
381.1
398.2
396.80
294.8
320.2
331.°7
94.5

&

25
29
2%
29
23
29
29
295
2%
29
29
29

1as.5
1865.9
198.3
1ao.7
111.1
112.5
113.9
115.3
116.5
117.5
118.¢€
119.5



WRTER UNIT WEIGHT= £2.48

SOIL

o NN

COKHE
?
v

19.0

cQ

POINT X=-0RD Y-0RD
1 .00 g7.a0
2 102.00 87.c2o
3 116.00 95.20
4 118.08@ 9¢6.00
S 127,00 96.00@
6 156.80 81.50
7 290,00 81.59
LINE LEFT RIGHT
i 1 2
2 2 3
3 3 &
4 6 4
S 3 4
6 4 5
7 S 6
SQIL UNIT WEIGHT
1 118
2 118
CIRCLE X-0RD ¥=-0RD RADIUS
184.0 58,08
SLICE WEIGHT INCLINATION
1 33.3 -7.0
2 98.5 -.5
3 1359.9 4.1
4 192.6 3.6
] £23.2 15.3
6 242.8 2i.!
7 247.7 27.2
8 238.3 33.6
9 2168.4 48.6
1@ 158.0 . 48,4
11 €8.2 S7.8
ITERATION INITIAL
1 l.0008
2 8.2214
3 108. 06353
4 10.1340
FACTOR OF SAFETY= 18.14

EARTHGUARKE= .

le

AT X=

SICN
€n
20

FACTOR OF SAFETY

o SATURATED
23 NO
29 YES

18.14
HESTON WIDTH
708 1.0
788 1.8
rea 1.0
728 1.8
7Be 1.9
700 1.9
70@ 1.8
rea 1.0
70e 1.0
789 1.8
780 1.9

CALCULATED
B.2214
12.26353
186.1340
18,1361

ied4 Y= 98 R=

EFF WEIGHT
16.7
4€.3
71.0
98.6

185.@
113.8
116.535
112.1
99.9
74.3
32.1

ie

&

29
29
29
29
29
29
29
29
29
29
29

1902.8
183.7
184.7
185.7
186.6
187.6
168. 6
189.5
118.5
111.3
112.4



MATER UNIT WEICHT= 62.40

POINT X-0ORD Y-0RD
1 @.e9 87.840
2 108. 280 87.e@
3 116.80 95.04
4 118.29 96. 00
S 127.80 96. 060
3 156.80 gt.50
7 Z@e8.eo 8l.350
LINE LEFT RIGHT
i 1 2
2 2 3
3 3 6
4 6 ?
S 3 4
6 4 S
v S 6
SQIL UNIT WEIGHT
1 118

2

CIRCLE X=0RD
189.09

SLICE HEIGHT
74.3
632.5
1249.7
1748.2
2145.1
2446,9
2653.4
2756. 6
2409.4
2639.8
1738.8
289.5

— e pe
MreOOuDYNOWUMbsWwM—

ITERATION

W N

FRACTOR OF SAFETY=
EARTHQURKE= .1e

118

¥Y=0RD RADIUS

98.0

INCLINATIOHN

-39.9
«31.7
-21.9
-12.7
-3.8
4.9
13.8
23.1
32.3
43.5%
5$9.6
?5.7

INITIAL
1.0900
3.6937
3.9291¢
3.9432

3.94

SOIL
2
2
2
2
1
1
1
COHESION 2] SATURATED
783 29 NG
709 29 YES
FACTOR OF SAFETY
15.9 3.94
CCHESION WIDTH EFF WEIGHT
roe 1.2 34.9
7e9 2.3 237.4
700 2.3 S87.7
7ea 2.3 822.2
700 2.3 18@8.8
724 2.3 1158.8
7eaq 2.3 1247.8
7en 2.3 1296.4
7ea8 2.9 1233.4
7ee 2.3 1569.2
7e0 2.5 1277.1
7’08 .9 229,95
CALCULRTED
3.6937
3.9291
3.9432
3.9448
AT X= 189 1S

Y= 98 R=

-

29
29
29
29
29
29
29
29
29
29
29
<%

99.4
181.1
183.4
165.7
108.8
1186.3
112.6
114.5
117.8
119.3
121.8
123.4



WATER UNIT WEIGHT= 62,48 ’ X In-f-er-?m" Slcft-

POINT R=0RD " Y-0RD
1 G.09 g7.20
Z jeo.ee 87.20
3 116.089 95.¢00
9 118.08 96. 080
S 127.08 95.48
& 156.08%2 81,50
4 200.98 81.50
LINE LEFT RIGHT sglIL
1 1 '3 2
2 2 3 2
3 3 6 2
4 € ? 2
S 3 4 i
6 4 3 i
? S 6 1
SO0IL UNIT WEIGHT COHESIOH & SATURATED
1 118 vaa 293 NQ
2 118 ’eo 25 YES
CIRCLE X-0RD Y-0ORD RADIUS FARCTOR OF SAFETY
196.8 94.0 15.0 4.89
sLICcE WEIGHT INCLINATION COHESION WIDTH EFF WEIGHT 4 x
S S4%.4 ~54.2 . 78e 2.4 258.4 29 93.9
2 1283. 4 -48.2 788 2.4 €83.8 29 96.4
3 17S55.86 -28.9 rea 2.4 82s5.7 29 98.8
4 2488.6 -18.2 788 2.7 1176.4 2% 181.3
S 3099.3 -?.? 7ee 2.7 1457.5 29 164.8
] 3555.°S 2.6 700 2.7 1672.1 29 1eé.7?
4 3861.2 12.9 rd-1" 2.7 1815.,9 c9 189.3
8 4084.5 23.7 ’ee 2.7 1883.3 29 112.9
9 3%50.6 35.5 - 708 2.7 1857.5 29 114,7
10 2736.,1 47.5 780 2.9 1498.7 29 117.8
11 16808.6 58.4 ’ee l.4 951.8 2% 118.7
12 1178.1 73.9 70809 1.4 7E8.7 23 129.1
13 48.8 84,9 + 789 .1 42.6 29 128.9
ITERRTION INITIAL CALCULATED
1 1.0000 5.2289
2 5.0280 4.1148
3 4.1149 4.3898
4 4.08898 4.9892
FACTOR OF SAFETY= 4.89 AT X= 1086 Y= 94 R= 13

EARTHRAUAKE= .10



WATER UNIT WEIGHT= &€2.40

ERRTHRUAKE=

.10

POINT  X-ORD Y-0RD
1 0.60 87.0@
2 10¢. 0 87.00
/3 116,00 95. 00
4 118, @@ 95. 00
S 127.¢6n $95.08
€ 1S, 80 81.58
7 200. 86 81.50
LINE LEFT  RIGHT SOIL
1 1 2 2
2 2 3 2
3 3 S 2
4 6 e 2
5 3 4 1
5 4 5 1
7 5 6 1
SOIL UNIT WEIGHT COHE
1 118 7
z 118 7
CIRCLE -ORD Yy-O0RD  RADIUS
195.0 181.0 15.0
SLICE WEIGHT  INCLINATION CO
1 3.3 -20.3
2 182.2 -15.9
3 45@. 4 -9.@
.4 672.5 -2.1
5 850.5 4.7
6 $83.5 11.6
7 10695.7 18.6
8 1103.5 26.9
9 1076.2 33.8
18 979.8 42.86
11 457.1 58.1
12 358.3 S6.6
13 $3.8 61.6
14 89.2 66.8
“ITERATION INITIRL
1 {.0000
2 4.1830
3 4.8519
4 4.8954
FACTOR OF SAFETY= 4.90 AT %=

SION
g
aa

FACTOR OF SAFETY

4.

HESION
70
7oe
700
72
790
red
709
708
700
789
700
vee
ree
rea

cAaLcC

1035 v=

& SATURATED
29 NQ
29 YES

9@

WIDTH

R o o I T A

WaeQDEOOOODO®OWD 0N A

ULATED
4.1830
4.8519
4.8954
4.89590

181 R=

EFF WEIGHT

13

1.5
8S.7
211.8
316.3
400.9@
462.6
S83.9
S1%.9
386.1
456.5
241.1
24€.9
84,3
89.2

&

29
29
29
29
29
29
29
29
29
29
29
29
29
29

99.8
1808.9
192.7
164.4
186.2
i88.0
189.8
111.6
113.3
115.1
116.5
117.35
118.2
118.8



WATER UNIT WEIGHT= 62,40

POINT X-0RD Y-0RD
l 2.e0 87.00
Z igg.go 87.00
3 116.¢0 95.089
4 118,88 96.80
S 127,¢8 9c.B@
) 156,00 81,50
7 200,89 81.59
LINE LEFT RIGHT
i 1 2
2 2 3
3 3 6
4 6 7
S 3 4
é 4 S
7 S 6
SOIL UNIT WEIGHT
1 118
2 118

CIRCLE ®-0RD
1@6.8

SLICE WEIGHT

1 133.5

2 422.8

3 41,7

4 813.8

S 937.2

6 1828, 4

4 18208.4

8 960.7

9 466.7

10 _ 398.2

it 215.7

12 124.6
ITERATION

\
2
3
4

FACTOR OF SAFETY=
EARTHQUAKE= .10

SoIL

- = NN

COHE
b
T

¥Y-ORD RADIUS

19z.8@

INCLINATION

~14.2
=7.1

-. 1

6.9
14.8
21.3
23.1
37.4
44.3
sa.1
95.6
62.3

INITIRL
1.080Q
4.4326
S.1679
S.2127

S5.22

15.8

co

AT X=

SION
éo
go

FACTOR OF SAFETY

5.

HESTON
7eo
reag
7ee
7oe
780
700
708
729
7’2o
7ae
7380
vea

CALC

166 v¥=

] SATURATEL
29 NOD
29 YES

22

WIDTH
1.B

LI T |

o e e e ek ek e e g
L.

ONO@ODWOWMom

-
.

ULATED
4.4326
5.1679
5.2127
5.2151

182 R=

EFF WEIGHT

15

72.2
198.5
381.8
382.7
443, 8
474,.2
479.9
451.8
245,86
263.7
184.1
124.6

-]

29
29
23
29
29
29
29
29
29
23
29
29

ltez,3
1B4.2
19¢.0
187.8
188.¢6
111.4
113.3
115.1
116.5
117.5
118.4
119.2



MATER UHIT WEICHT= 6Z.480

POINT X=-CRD Y¥-0RD
1 g.00 87.008
2 100.88 B7.0Q0
3 116.09 95, 20
4 118.08 9¢€.00
5 127.00 96.00
& 156.99 81.58@¢
7 2be,e8 g8i1.50
LINE LEFT RIGHT SoOlIL
1 1 2 2
2 2 3 2
3 3 é 2
4 6 7 2
S 3 4 1
& 4 S 1
7 s 6 1
SOIL UNIT WEIGHT COHESION
1 118 708e
2 ile 7ee

CIRCLE %=0RD
109. 8

SLICE WEIGHT

1 551.0
2 1457.2
3 248S.2
4 3375.3
S 4137.1
6 4783.9
4 sarz.s
8 3258.4
9 46082.8
10 3g8e1.3
11 2SB8@.8
12 1.2
13 453.1
ITERATION
1
2

FACTOR OF SAFETY=
EARTHQURKE= .1e

Y¥-0RD RADIUS
109.0 20.0

INCLINATION COHESION

-43.3
-32.8
-21.8
-12.2
-2.9
6.3
15.7
23.6
31.8
42.7
S6.4
64.2
78.3

INITIAL
1.000609
3.7806¢6

3.78 AT X=

o
29
29

Laterio— S [oPe.

SATURATED
HO
YES

FRCTOR BF SRFETY

3.78

WIDTH EFF WEIGHT
7ee 3.1 277.9
7ee 3.1 €83.3
789 3.2 1131.2
ree 3.2 1587.4
799 3.2 1945.58
rg-1°) 3.2 g212.2
789 3.2 2385.7
7208 2.9 1636.5%
70a 3.0 2572.6
788 3.9 2385.6
708 3.9 2001.1
789 .8 1.2
vaae 1.4 453.1
CRLCULATED
3.780e6
3.7785
1ge Y= 1@@ R= 20

z

<%
29
29
29
29
29
2%
29
29
29
29
29
29

$5. 4
$8.5
1a8l.6
194.8
188.8
111.2
1{4.4
117.@
119.5
122.5
125.5.
127.9
127.7



WATER UNIT WEIGHT= 62.40

POINT %-0ORD ¥=-0RD
1 - e ] §7.00
2 100,00 B7.09
3 116.00 95,20
4 118.20 96.60
S 127.08 96,00
€ 156. 00 B!.5¢
7 200.89 81.5¢
LIKE LEFT RIGHT
1 1 2
2 2 3
3 3 &
4 3 7
=) 3 4
& 4 3
? S 1
SOIL UNIT WEIGHT
1 118
2 118
CIRCLE X-0RD ¥-CRD
ige6.8 106.8@
SLICE WEIGHT INCLINRTION
1 1.1 -17.8
2 261.9 -14.1
3 686.1 -7.4
4 1938.8 -.8
S 1319.3 5.7
6 1528.9 12.4
7 1662.7 19.2
8 1712.6 26.3
9 1461.5 33.4
18 18S5.6 4.0
11 742.9 46.7
12 353.9 55.1
ITERARTION INITIARL
b {.8000
2 3.8643
3 4.3791
4 4,408%9
FACTOR OF SRAFETY= 4.41

EARTHQUAKE= .10

SOIL

= PN NN

COHESION

708
720

29

RABIUS FACTOR OF SAFETY
28.8@

4.41

COHESION WIDTH

AT X=

7ea
rea
708
782
700
7’eo
780
708
7ee
708
7ee
7ee

196 Y= 186 R=

N e RN
. -
ONNDLLWRLOEN

CARLCULATED
3.8643
4.37391
4.4085
4,4100

SATURATED

NOD
YES

EFF WEIGHT
.S
123.2
322.7
488.2
€20.4
719.8
782.9
805.4
791.8
7e1.8
c6l14.1
353.9

29

4

29
29
29

-
=

29
29
23
29
29
29
29
29

59,
1al.
193.
185.
188,
118,
112.
114,
1L7.
118,
12e.
122.

]
1
4
7
5]
3
&
<

W



WATER UNIT WEIGHT= 62.40

POINT X-0RD ¥-0ORD
l 8.09 87?.40
2 106.00 g7v.ee
3 ils6.00 95.00
4 118,60 95,08
5 127,96 96.60
6 15£. 80 81.58
7 20e.00 81,359
LINE LEFT RIGHT SOIL
1 1 2 2
2 P4 3 2
3 3 £ 2
4 6 4 2
S 3 4 1
6 4 S 1
4 s 6 1
SOIL UNIT WEIGHT COHE
1 118 I
2 118 7
CIRCLE X=0RD ¥Y~QRD RADIUS
182.¢ 194,09 20.8
SLICE WEIGHT INCLINRTION co
1 269.2 -27.2
2 €67.8 -18.3
3 986.6 -9.9
4 1148.3 -1.9
S 13539.2 5.8
6 1816.1 13.5
7 1978.8 21.6
8 1985.95 3.1
9 1825.4 39.5
18 1114.1 48.8
11 462.2 v6.4
12 141.8 £3.9
ITERATION INITIAL
1 1.00089
2 4.5173
3 4.9325
4 4.9501
FACTOR 0OF SAFETY= 4,35 AT XK=

EARTHAURKE= .10

SION
ag
=]c)

FACTCR OF SAFETY

4.

HESION
708
720
ree
vee
788
789
rae
vee
700
vee
rea
’ee

CALC

182 ¥=

& SATURATED
29 NO
29 YES

95

WIDTH
2.8

= = = @

SRR NRON
L[]
—“ W@ NN N0 ®

ULATED
4.5173
4,932%
4.5501
4,5508

184 R=

EFF WEIGHT

20

126.6
314.1
426.4
S4g.0@
723.9%9
854.1
526.8
$33.7
858.5
628.5
366.8
141.8

<

29
29
29
29
29
29
29
29
29
23
29
29

92.

95.

92,
101.
104,
186.7
189.3
112.@
1i14.7
117.8
118.6
119.8

12 G D



WATER UNIT WEICHT= €2.40

POINT X=0RD Y=QRD
1 @.09 87.00
2 109,89 g7.00
3 116.068 $5.99
9 118.080 96.00
S 127.69 96,08
& 156.0¢ B1.59
4 290.08¢ B1.58
LINE LEFT RIGHT SOIL
1 { 2 2
2 2 3 2
3 3 6 2
4 6 7 2
S 3 4 1
& 4 S 1
7 S & 1
SOIL UNIT WEIGHT COHE
1 118 7
2 118 ?
CIRCLE X-0RD -0RD RADIUS
ip2.@ iev.o 2e. e
SLICE WEIGHT INCLINRTION co
1 ie3.9 -2.7
2 287.4 2.3
3 438.8 7.4
4 557.3 12.5
=] 641.2 17.7
6 €87.9 23.1
4 693.2 28.7
8 65@.7 34.7
9 $sSe.z2 41.1
19 346.6 47.8
11 57.2 52.2
12 42.8 S4.9
ITERARTION INITIAL
1 1.0900
2 5.2973
3 €.3473
4 6.4@19
FACTOR OF SAFETY= €.48 AT X=

EARTHQUARKE= .

18

SI1ON & SARTURATED
29 29 NO
ee 29 YES
FACTOR OF SAFETY
6.44
HESTIOHN WIDTH EFF WEIGHT
vep 1.8 48.8
700 1.8 135.2
Y2o 1.8 286.4
700 1.8 262.1
78e 1.8 301.5
704 1.8 323.5
70e 1.8 326.0
700 1.8 308.9
788 1.8 258.7
700 1.6 228.6
700 .4 S7.2
780 o7 42.8
CALCULRATED
5.2973
6.3473
€.4019
6.4043
1g2 ¥= 187 R= 29

&

23
29
29
29
29
29
29
29
29
29
29
29



WATER UNIT WEIGHT= 62,40

POINT X=-0RD Y=-QORD
1 .06 81,50
2 44.0@ 81.50
3 73.ee 96.08
4 g2.0e 96.80
3 g84.06 95.08
& 100.08¢ 87.00
? <39.09 87.00
LINE LEFT RIGHT SCIL
1 1 2 2
2 2 S 2
3 S 6 2
4 & ? 2
S 2 3 1
6 3 4 i
v 4 S !
SOIL UNIT WEIGHT CUHESICH = SATURATED
1 118 ’ea 29 NO
2 118 voa 29 YES
CIRCLE X-CRD Y-0RL RADIUS FARCTOR OF SAFETY
53.9 g85.9@ 16.9 4.67
SLICE WEIGHT INCLINARTION COHESION WIDTH EFF WEIGHT
1 . 8 -63.4 rg-] .B .0
2 493. 4 -54.5 rd- ) 1.8 207.0
3 984, ! -3%.8 708 1.8 512.6
4 1413.5 -26.7 voe 1.8 747.1
S 1747.3 -15.86 ’oe 1.8 936.3
& 2804, 4 =-5.1 ’0a 1.8 188%9.7
7 219e.7 S.2 700 1.8 1218.7
8 2312.3 15.6 789 1.8 1299.3
9 23385.3 26.7 7ae 1.8 1352.1
19 2302.3 39.1 7aa 1.8 135%.5
11 20897.3 S4.6 ree 1.8 1295.8
12 846,53 71.4 70e .9 562.6
ITERRTION INITIAL CALCULATED
1 1.0000 5.9845
2 5.9845 4.6933
3 4.6933 4.6741
4 4.6741 4.6738
FACTOR OF SAFETY= 4,87 AT XK= 53 Y= 86 R= 1e

ERRTHRUARKE=

.18

E)d'&f“l\tr*{“ S[e P&

&

29
29
29
29
29
29
29
29
23
29
29
2%

44,1
45.0
46.7
48. 53
$8.3
S2.1
3.9
55.7
£7.5S
39.3
él.1
62.4



WATER UNIT WEIGHT= 62,40

FOINT ®=0RD ¥-0RD
1 9.090 81.59
2 44.0a 8l1.5¢9
3 73.00 9¢6.00
4 82.06 36.89
S g4.00 $5.00
6 1268.09 87,00
7 2008.060 87.0¢
LINE LEFT RIGHT
| 1 4
2 2 S
3 S &
4 6 ?
5 2 3
6 3 4
7 4 5
SOIL UNIT WEIGHT
1 118
2 118

CIRCLE X~QRD
Se.e

SLICE WEIGHT
15.8
143,2
2re. s
373.8
4353.8
589.8
539.8
S40.1
583.4
10 415.8
11 16z.¢
12 72.6

DWW RGN

ITERATION

WM

FACTOR OF SAFETY=
EARTHAUAKE= .18

SOIL

—_ = NN

COHESION

7
7

Y~0ORD RADIUS

sz.a

INCLINATION

-1%.6
-14,2

“6.9
.3

7.6
14.9
22.5
3.6
39.4
49.7
39.2
£8.8

INITIRL
1.0900
6.0224
7.2216
7.2876

7.29

18.0

uo
9a

FRCTOR OF SAFETY

7.

COHESION

AT X=

78a
780
709
708
1)
700
788
7@
700
7Qa
7008
7a8

CALC

58 Y=

@ SATURATED
29 NO
29 YES
29
WIDTH EFF WEIGHT
.6 15.8
1.3 112.5
1.3 188.3
1.3 252.9
1.3 386.5
1.3 348.8
1.3 378.9
1.3 395.2
1.3 393.7
1.3 368.1
.7 162.8
.7 72.5
ULATED
£.0224
7.2218
7.2876
7.2907
%2 R= 19

©

29
29
29
29
29
29
29
29
29
29
29
29

46,5
47.5
48,8
sae.1
351.3
£2.6
53.8
SS.1
S56.3
57.6
Sg.8
55.3



WRTER UNIT WEIGHT= 6£2.40

POINT  X-ORD Y-0RD
1 6.89 81.%9
44,00 g1.58
3 ?3.80 96.00
4 gz.0@ 96,006
5 84,00 95.080
6 100,00 87,00
7 200,00 87.00
LINE LEFT  RIGHT SO1IL
{ { 2 2
2 2 ] 2
3 s 6 2
4 6 ? 2
5 2 3 1
6 3 4 1
7 4 5 1
SOIL UNIT WEIGHT COHESION ] $RATURATED
1 118 7ou 29 NO
2 118 708 29 YES
CIRCLE  X=0RD v-0RD RADIUS FACTOR OF SAFETY
52.0 %4.0 18.9 9,24
SLICE WEIGHT INCLINARTION COHESION  WIDTH EFF WEIGHT
4 36.9 -11.2 7080 .9 36.9
2 103.3 -5.8 " 7ee .9 183.3
3 174.9 -.3 700 1.9 163.2
4 228.9 5.5 700 1.9 198.9
5 270.8 11.3 708 1.9 228.95
6 299.9 17.3 rd-1: 1.9 252.8
7 315.3 23.5 700 1.9 270.3
8 315, 1! 29.9 700 1.9 280.5
9 296.4 36.8 708 1.8 281.9
10 232.9 a4t 70808 .9 232.0
11 173. 4 51.9 7008 .9 173. 4
12 ?5.7 61.6 700 .9 75.7
ITERATION INITIAL CALCULATED
1 1.6000 7.5%257
2 7.5257 $,1670
a3 9.15678 5,2357
4 9.2357 9,2381
FACTOR OF SAFETY= 9.24 AT X= S2 Y= 94 R= 1@

EARTHQUAKE=

'18

<&

29
29
29
29
29
29
29
29
29
29
29

-
=

Se.!
S1.8
52.9
$3.9
4.0
S5.8
S6.0
S7.2
8.0
58.9
5%.8
£6.8



WATER UNIT WEIGHT= 62.49

POINT X=0ORD ¥=-0RD
' ! @.280 g1.50
2 44.00 g1.50
3 73.00 9¢€.80
4 g82.08 96.08
5 84.080 95.48
& 160,00 g7.00
7 206 .00 87.20
LINE LEFT RIGHT SOIL
1 1 2 4
4 2 S 2
3 5 é 2
4 ) 7 2
S 2 3 1
€ 3 4 1
7 4 S i
SOIL UNIT WEIGHT COHESION & SATURATED
1 118 7ee 29 NO
< 118 720 29 YES
CIRCLE X=-0RD ¥-0RD RADIUS FACTOR OF SHFETY
46. 9 92.2 19.@ 13.12
SLICE WE IGHT INCLINATION COXESION WIDTH EFF WEIGHT
1 6.4 -4.9 700 . 4 5.4
2 48.3 -.3 roa .9 39.8
3 89.1 4.7 voe .3 66.8
4 122.1 9.7 7849 .9 89.7
5 147.1 14.8 ’ae .9 189.8
6 1€3.6 28.9 789 9 124.4
4 i71.0 25.3 700 . 9 13S.5
8 168.0 3l.e 7ae .9 141.6
9 152.7 37.0 790 .3 142.1
ie 181.1 42.8 7080 .7 181.1
it 71.7 48.5 7ae .7 71.7
12 28.7 S4.9 78e .7 28.7
ITERATICN INITIAL CRLCULRTED
1 1.08909 18.5338
2 18,5338 13.84354
3 13.08454 13.1176
4 13.1176 13.11%82
FRCTOR OF SAFETY= 13.12 AT X= 45 Y= 92 R= 186

EARTHRUARKE= .l1@

2

29
29
29
29
29
29
29
29
29
29
29
29

45.3
45.9
46,8
47.7
48.%5
45.4
59.3
51.1
2.9
2.8
3.5
S4.2



WRTER UNIT WLEIGHT= €2.40 .

Exterior 5}0}‘:&

POINT  X-QRD Y-0ORD
1 8.080 81.50
2 44,00 81.50
3 72.08 $6. @8
4 82.00 56.08
5 84.00 95.08
6 196, 08 87.00
v 206.08 87.00
LINE LEFT  RIGHT SOIL
1 1 2 2
2 s - 2
3 s é 2
4 6 ? 2
5 2 3 t
6 3 4 !
? 4 5 t
SOIL UNIT WEIGHT COHESION & SATURATED
1 118 780 23 NO
2 118 780 29 YES
CIRCLE  X-ORD Y-ORD RADIUS FACTOR OF SAFETY
57.@ 9¢.2 15.8 3.50
SLICE  WEIGHT INCLINRTION COHESION  WIDTH EFF WEIGHT & X
1 .2 -56.4 709 .8 .2z 29 44,5
2 771.2 -48.6 . 7ee 2.7 412.6 29 45.9
3 1918.5 -34,7 709 2.7 1823.9 29 48.5
4 2798.9% -23.9 700 2.7 1585.% 29 S1.2
5 347.9 -12.2 708 2.7 1897.5 29 53.8
6 3%91.9 -2.e 709 2.7 2213.8 29 56.5
rd 4361.8 8.3 708 2.7 2460.8 29 59.2
8 4578.8 18.8 700 2.7 2633.8 29 61.8
9 461%.4 3e.@ 708 2.7 2724.6 29 64,5
10 4426.6 42.9 780 2.7 2705.7 29 67.1
11 3832.4 66.1 720 2.7 2492.0 29 69.8
12 894,7 78.3 780 .8 658.1 29 71.5
ITERRTION INITIAL CALCULARTED
1 1,0000 3.6880
2 3.6880 3,5651
3 3.5051 3.4972
4 3.4972 ) 3.49893
FACTOR OF SAFETY= | 3.590 AT X= S7 Y= 99 R= 15
EARTHQURKE= .19



WATER UNIT WEIGHT= €2.40

SO1L

e BRSO

COHESICN

7
v

FOINT X=0RD Y-0ORD
l G.08 81.58
2 44,06 g1.58
3 73.08 96.089
4 g2.00 96.00@
5 g84.00 95.00
& 100,00 87.89
4 200. o8 §7.00
LINE LEFT RIGHT
1 1 2
2 2 5
3 S 6
4 6 7
3 2 3
6 3 4
7 4 S
SQOIL CUNIT WEIGHT
1 118
2 118
CIRCLE X-0RD -0RD RADIUS
. <e.e 98.8@
SLICE WEIGHT INCLINATION
1 185.4 ~26.1
b $58.7 -19.8@
3 939.9 ~18.7
4 1282.8 -2.5
S 1531.3 S.6
6 17284,3 13.8
4 179¢.2 22.3
] 1793.9 31.4
9 1578.8 41.53
19 13585.3 53.8
1t 624.6 71.3
ITERATION INITIAL
1 1.0000
2 3.8124
3 4.4823
4 4.4514
FRACTOR OF SAFETY= 4.45

EARTHAURKE= 18

ge
Qo

FRCTOR OF SAFETY

@ SATURATED
29 NO
29 YES

15.0 4.4%°
COHESION WIDTH
7ed 1.3
780 2.1
7oa 2.1
796 2.1
78a 2.1
700 2.1
res 2.1
ra-1- 2.1
706 2.1
rfeog 2.1
7a8 1.8
CALCULATED
3.8124
4.4223
4.4514
4.4558
RT X= 38 ¥= 98 R=

EFF WEIGHT

13

185.4
4358.1

691.9 -

889.4
1831.9
1177.6
1266.0
1310.1
1297.4
1198.9

624.6

&

23
29
29
29
29
29
29
23
29
29
29

S1.3
§3.1
£5.2
5r.2
59.5
6l.5
63.7
65.8
£7.9
7.9
ve.a



WATER UNIT WEIGHT= 52,40

FOINT X-0RD Y=-ORD
1 8.00 81.50
44.00 B1.50
3 73.280 96.080
4 8z.080 96,00
5 84,90 95.00
6 leg.eg g7.64d
7 2008.00 gv.00
LINE LEFTY RIGHT SCIL
) 1 2 2
b 2 S 2
3 5 & 2
4 6 7 2
S 2 3 1
6 3 4 1
4 4 S 1
SOIL UNIT WEIGHT COHESION & SATURATED
1 118 788 29 NO
2 118 Teg 29 YES
CIRCLE X=0RD ¥-QARD RADIUS FACTCR OF SAFETY
‘ s2.@ 96.0 15.9@ 4,78
SLICE WEIGHT INCLINATION COHESION HIDTH EFF WEIGHT - X
i 7.3 -23.9 700 .4 7.3 29 45.9
2 264.1 =19.3 ~ 709 1.9 182.7 29 47,0
3 $93.0 -11.8 700 1.9 373.9 29 48,9
4 864.7 -4.5 rae 1.9 $38.1 9 So.s
S 1882.3 2.8 v 1.9 676.8 29 $2.7
& 1246.8 te.1 79 1.9 798.2 29 S4.6
7 1353.5 17.6 7o 1.9 877.2 29 56.5
8 1398.9 25.4 voa 1.9 934.9 29 S8.4
5 1371.1 33.8 700 1.9 958.3 29 68.3
1e 1248.9 43.1 7ea 1.9 937.2 29 §2.2
11 985.1 54.3 700 1.9 849.5 239 64.1
12 412.58 69.1 788 1.6 412.86 29 63.9
[TERATION INITIAL CALCULATED
H 1.0008 3.9771
2 3.9771 4.6404
3 4.6404 4.69235
4 4.6925 4.6961
FACTOR OF SAFETY= 4.70 RT XK= 52 Y= 26 R= 13

EARTHRUAKE= .10



WARTER UNIT WEIGHT= 62.490

FRCTOR OF SAFETY

POINT ¥=-0RD Y-0ORD
1 9.e0 81.59
2 44.8@ 81.%60
3 73.00 95,00
4 g2.82 96.89
S g4.0¢ 55.06
& 100.400 87,00
7 220. 20 87.00
LIRE LEFT RIGHT SOIL
1 1 2 2
2 2 S 2
3 = & e
4 & 7 2
S 2 3 1
& 3 4 1
7 4 = l
SCIL UNIT WEIGHT COHESION
1 118 704
2 iis 780
CIRCLE ®-0RD ¥-0ORD RADIUS
47.8 97.8 15.0 E.
SLICE HEIGHT INCLINATION COHESION
1 7.2 -£.8 ves8
2 113.9 ~2.4 788
3 233.3 3.1 ra 1]
4 329.4 8.6 L
S 421.6 14.2 ra-1-]
& 448.4 19.9 780
7 467.3 25.% 7eg
8 454.3 32.2 -1
9 4@3.9 38.9 7e8
18 3e2.2 46.4 708
11 128.9 55.2 7eo
ITERATION INITIAL cALc
1 1.060086
2 6.7507
3 8.2322
4 8.2574
FACTOR OF SAFETY= 3.38 AT XK= 47 Y=
EARTHQURKE= .19

& SATURATED
29 HO
2% YES

30

WIDTH

[ o T )
N N N N K R

ULATED
6£.758@7
8.2322
g.2974
8.2998

9?7 R=

EFF WEIGHT

1S

7.2
88.1
165.0
23..8
285.8
328.6
358.3
373.0
369.7
3ez2.2
128.9

b

29
29
23

i)
-

2%
29
29
29
29
29

45.4
46, 4
47.8
49.2
Se.7
52.1
£3.5
$5.6
Se. 4
57.8
59.3



WATER UNIT WEIGHT= 6&2.48

Exter ior

POINT X=-0RD ¥=0RD
1 9.080 81.50
44,90 81.58
3 73.00 96.80
4 82.80 96,49
3 g4.08 95.00
8 160,00 87.90
? £00.88 87v.00
LINE LEFT RIGHT SOIL
1 1 2 2
2 2 ] 2
3 S & 2
4 6 7 2
S 2 3 1
& 3 4 1
7 4 S 1
SOIL UNIT WEIGHT COHESION & SATURATED
1 118 reo 29 NO
2 118 7’8o 29 YES
CIRCLE X-CRD Y-ORD RADIUS FACTOR OF SAFETY
58.8 95.8 26.0 3.08
SLICE WEIGHT INCLINRTICN COHESION WIDTH EFF WEIGHT
1 335.8 -46. 98 T 788 .8 16.8
2 1141.1 -38.3 708 3.2 589.3
3 25940.2 -27.4 ’og 3.2 1352.6
4 3633.8 -17.4 708 3.2 1981.2
S 4537.8 -7.8 7Q0 3.2 2582.2
6 S5216.8 1.4 748 3.2 2%27.2
? 5698.1 19.8 7ea 3.2 3258.8
8 S597e.8 29.4 7ae 3.2 3491.9
9 5999.8 30.7 700 3.2 3611.2
1@ 5713.3 42.3 ree 3.2 3581.8
11 3659.4 54.7 780 2.4 2377.4
12 2355.2 2.4 700 2.4 1638.9
13 25.1 85.¢6 7ee .1 25.1
ITERATION INITIAL CALCULATED
1 1.00080 2.8932
2 2.8932 2.9918
2 2.9918 2.9982
4 2.9%82 2.998B6
FACTOR OF SAFETY= 3.8@8 AT XK= S8 r= 93 R= 20

EARTHRUAKE= .10

2%
29
29
29
29
29
29
29
29
29
29
29
29

S/s-rge_

43.6
45.6
48.8
52.1
S5.3
58.5
61.7
64.9
68.2
71.4
74.2
6.7
77.9



WATER UNIT WEIGHT= £2,40

POINT X-0RD Y-0RD
1 0.8 g81.50
2 44,06 gl1.5%5@
3 73,06 9¢€.80
4 B2.00 95.00
S 84,08 95.60
6 1ad. 66 87.80¢
7 200,06 87,04
LINE LEFT RIGHT SOIL
1 1 2 2
2 2 S 2
3 S & 2
4 6 7 F
S 2 3 1
6 3 4 1
7 4 5 1
SOIL UNIT WEIGHT COHES I OM & SATURATED
1 1lg 7689 29 ND
2 118 7ae 2% YES
CIRCLE X-0ORD Y-0ORD RADIUS FACTOR OF SAFETY
Su.® lop.@ 26.0 4.21
SLICE WEIGHT INCLINATION COHESION WIDTH EFF WEIGHT
1 s8.1 -19.9 : rg>1%) 1.6 27.3
Z 468.3 -13.7 789 2.5 252.9
3 $81.2 -6.3 798 2.% 559.4
4 1395.7 1.0 7og 2.5 819.¢
S 1713.5 8.3 789 2.5 1934.4
6 1931.95 15.8 ’ge 2.5 12e2.2
4 2848.9 23.95 700 2.5 1319.9
8 2824.6 31.7 g2 1) 2.5 1376.5
9 1849.6 42.8 708 2.5 1359.5
1@ 1446.3 51.5 708 2.9 123%5.2
11 683.2 £5.9 790 2.3 683.2
[TERATION INITIAL CALCULATED
1 1.0000 3.6025
2 3.6825 4.1625
3 4.1625 44,2983
4 4,2863 4.2093
FRCTOR OF SAFETY= 4.21 AT K= 5S¢ Y= 198 R= 29

ERRTHRUAKE = .18

<

29
29
29
23
29
29
29
29
29
29
29

43.2
45.32
47.8
56.3
52.9
55.4
$58.9
6.5
63.8
€3.6
68.1



WATER UNIT WEIGHT= 62,40

FACTOR OF SAFETY

POINT X-0RD ¥Y=0RD
1 e.0a 81.50
’) 2 44,09 81.50
3 73.00 96.80
4 82.80 96.986
s ‘84.pa@ 95,00
& 100. @4 g7.00
? 20@, 9@ &7.908
LINE LEFT RIGRT SOIL
1 1 2 2
2 2 5 2
3 5 s 2
4 3 ? 2
5 2 3 1
6 3 4 1
7 4 5 1
SCIL UNIT WEIGHT COHESION
1 118 766
2 118 700
CIRCLE X=0RD Y-0RD RADIUS
s2.8 182.0 20.0 4,
SLICE WEIGHT INCLINATION COHESION
1 21.2 -14,9 . 788
. 2 35S.1 -10.6 7ae
) 3 733.9 -4.8 rd 1=
4 1043.7 2.5 700
5 1284.8 2.9 7ee
6 1454,7 15.7 700
7 1547.7 22.6 700
8 1553.5 29.8 rd:1"
9 1453.8 37.6 700
19 1214.3 45,5 7oe
t1 s81.7 55.0 700
12 250.1 64.0 7680
ITERATION INITIAL £ALC
1 1.0¢00
2 32,8773
3 4.5600
4 4.6115
FACTOR OF SAFETY= 4.61 AT X= 52 Y=

ERRTHQUAKE =

.10

] SATURATED
29 NO
29 YES

61

WIDTH

HF NN RN
MGWLWWWwWwWwWwww~

ULATED
3.8773
4.5600
4.6115
4.6148

182 R=

EFF WEIGHT

28

21.2
266.6
496.7
694.3
859.6
9%1.5

lear.2
1141.9
1146.9
1686.2
581.7
258.1

o

29
29
23
29
29
29

- 29

29
29
29
29
29

46.9
48.3
e.¢
52.9
335.1
57.4
3%9.7
6l1.%
64.2
66.4
€68.4
69.9%



WATER UNIT WEIGHT= 62.48

SATURATED
NO
YES

EFF WEIGHT
6.6
97.1
189.0
2E8.,7
335.9
389.8
429.3
452.8
4357.6
338.0
239.0
94,8

€ Y= 102 R= b

POINT X=0RD Y-0RD
H 9.00 g1.5@
2 44.080 81.5@
3 73.00 96.00
9 £2.00 9¢6.040
S g4.00 $5.00
& 108,00 B87.00
v 200.00 87.80
LINE LEFT RIGHT SOIL
1 1 2 2
F4 2 S 2
3 S 6 2
4 & 7 2
s 2 3 1
& 3 4 1
7 4 S 1
SOIL UNIT WEIGHT COHESION g
1 118 vee 29
2 118 7ga 29
CIRCLE %-0RD ¥-CRD RADTIUS FACTOR OF SAFETY
45.0 162.9@ 2e.a 7.88
SLICE WEIGHT INCLINRTIQN COHESION WIDTH
1 6.6 -2.1 - 7080 » 3
2 125.4 .9 704 1.6
3 263.8 5.6 7ee 1.6
4 3r6.1 18.3 798a 1.6
S 461.9 135.1 7ee 1.6
6 S519.5 28.9 g -] 1.6
[4 S46.9 235.9 700 l.s
8 $39.3 30.3 789 1.8
9 492.6 35.9 790 1.6
18 338.9 41.3 7eo 1.3
11 239.9 46.7 tg-1= 1.3
iz 94.8 S2.7 rae 1.3
ITERATION INITIAL CALCULATED
1 l1.8c80 €.4425%4
2 6.4294 7.8126
3 7.812¢ 7.8758
4 7.8758 7.8782
FACTOR OF SAFETY= 7.88 AT ¥= 4
ERRTHQUAKE= .10

@

29
29
29
29
29
29
29
29
29
25
29
29

43.3
4.3
47.9
45.6
S1.2
S2.8
S4.4
56.1
S5?.7
59.2
€8.5
61.9



WATER UNIT WEIGHT= £2.40

POINT

X-0RD Y-0RD
i @.eo0 - 81.50
2 44,089 81,50
3 73.0¢e 95.00
4 82.90 96.900
5 §4.00 $5.00
& 16Q@.@0 Bg7.08a
7 204,06 B?.40
LINE LEFT RIGHT SOIL
1 1 2 2
2 2 5 2
3 S 6 2
4 6 7 2
S 2 3 1
6 3 4 1
? 4 S 1
SOIL UNIT WEIGHT COHESICHN @ SATURATED
i 118 7a0 29 NO
2 118 790 29 YES
CIRCLE - X-0RD ¥=0RD RADIUS FARCTOR OF SAFETY
57.8 99.8 235. @ 2.82
SLICE WEIGHT INCLINATION COHESIOHN WIDTH EFF WEIGHT
i 338.9 -41.8 © ?Be 2.4 155.6
2 B?76.6 -34.7 7o 2.4 412.3
3 2938.2 -26.0 7oe 4.1 1468.8
4 4718.6 -15.8 =L 4.1 2480.1
=] 6119.1 -6.1 7ee 4.1 3312.9
& 7176, 4 3.5 700 4,1 3984.1
7 7894.5 13.1 708 4.1 4495.8
8 824€.7 23.1 789 4.1 4835.5
9 8162.1 34,1 ra-l") 4.1 4969.8
18 7138.95 47.8 708 4.3 4413.6
11 4873.3 66.5 rea 4.3 2595.1
12 35.2 81.8 790 . 3 35.2
ITERATION INITIAL CRALCULATED
1 1.8800 2.7148
2 2.7148 2.8136
3 2.8138 2.8196
4 2.81986 2.82a9
FACTOR OF SAFETY= 2.82 AT X= 57 Y= 99 R= 2%

EARTHQUARKE= . le

&

29
29
29
29
29
29
29
29
29
29
29
29

Extecor S}epe_

42.4
42.8
4é6.1
58.2
54.4
S8.5
€2.€
66.8
78.5%
73.1
75.4
81.7



KATER UNIT WEICHTe 62,40
POINT . X-QRD Y-0ORD
£ Q.08 81.50
2 44,00 81.50
3 73.80 96, 90
4 2.20 96. 60
5 24.406 $5.¢0
6 198G, 60 87.00
? 293,00 g7.00
LINE LEFT RIGHT SOIL
1 1 2 2
2 2 5 2
3 s [ 2
4 6 7 2
5 2 3 1
& 3 4 t
e 4 5 1
SOIL UNIT WEIGHT COHESION @ SATURATED
1 118 vea 29 ND
2 118 td:1} 29 YES
CIRCLE ¥-0ORL ¥=0RD RADIUS FACTOR OF SAFETY
52.8 168.8 25.0 3.27
SLICE WEIGHT INCLIMATION COHMESION WIDTH EFF WEIGHT
1 633.0 -37.1 rd-1- 3.6 297.7
2 15908.7 -27.2 769 3.6 748.1
3 2238.1 ~-18.2 780 3.8 1848.3
4 3525.1 -9.1 rd:[:) 4.1 174%.3
5 4688. 1 .5 700 4.1 2465.8
é §512.7 19.1 708 4.1 30827.7
? 5983.5 26.0 7aa 4.1 3423.1
8 £046.2 3@e.5 709 4.1 3626.6
9 §573.1 42.5 vee 4.1 3578.2
1@ 4216.8 s7.9 700 4.1 3114.0
11 382, 4 68.5 700 .S 284.9
12 376.3 75.4 700 1.2 376.3
ITERATION INITIAL CALCULATED
1 1.08900 3.0608
2 3.P608 3.2527
3 3.2527 3.2655
4 3.2655 3.2663
FARCTOR OF SAFETY= 3.27 AT X= 59 ¥= l8e R= 2%

ERRTHGUAKE=

.18

o

29
29
29
29
29
23

.29

29
29
29
29
z9

& RN X

AU e bW
nN @
b=y E

£6.82
8.9
73.2
4.1

L]
L]



WRTER UNIT UEIGHT= 62.40
POINT X-0RD Y-O0RD
i 0,00 81,50
,} 2 44,0880 81.50
i 3 73.ee 9¢6.8@
4 82.00 9¢.086
S 84,00 95.0890
& 1.0 87.0B4
7 280.e9 87.08
LINE LEFT RIGHT SoiL
1 1 2 2
2 2 3 2
3 S 6 2
4 & 7 2
3 2 3 1
) 3 4 t
7 4 ] 1
SOIL UNIT WEIGHT COHESION & SATURATED
1 118 700 29 HO
2 118 7900 29 YES
CIRCLE A-0RD Y-0KD RADIUS FACTOR OF SAFETY
48.0 les. o 25.8 4.72
SLICE WEIGHT INCLINATION COHESICHN UIDTH EFF WEIGHT
1 1.8 -10.3 . Tee 1.8 S.1
2 283.9 -6.3 rg -1 2.5 164.9
3 692.3 -.6 700 2.5 419.56
S 4 1828.1 S.1 7eo 2.3 648.2
S 1290.4 1.9 7ee 2.5 226.3
& 1475.9 ie.7 708 2.5 976.3
4 1578.7 2.8 vae 2.5 leg7.3
8 1588B.6 29.2 vee 2.5 1154.56
9 1488.9 36.0 700 2.5 1179.4
i8 1251.1 43.4 g -1 2.5 1121.3
11 €87.7 5.9 7eda 1.9 687.7
i2 284.9 S8.7 709 1.9 28B4.9
ITERRTION INITIAL CALCULATED
1 1.0000 3.9638
2 3.9636 4.6680
3 4.6680 4.7174
4 4.7174 4.7203
FACTOR OF SAFETY= 4.72 AT A= 48 Y= 1086 R= 25

EARTHGUAKE= .18

<&

29
29
29
29
29
29
29
2%
29
29
29
29

43.5
45.2
47.7
S50.2
52.7
$5.2
57.7
80.2
£2.6
65.1
67.4
£9.3



s

WATER UNIT WEIGHT= 62.40
POINT X-0RD Y~0RD
1 8.0a 81,58
2 44,88 81.5@0
3 73.00 9€.90
4 82.080 96.80
S 84,00 95.60
) 160. 290 87.p00
7 20e, 29 87.09
L1NE LEFT RIGHT SOIL
1 1 P 2
2 2 5 2
3 S = 2
4 & 7 2
S 2 3 1
& 3 4 1
4 4 S 1
SOIL UNIT WEIGHT COHESION & SATURATED
l 118 780 29 NG
2 118 709 29 YEC
CIRCLE X=0RD ¥-QRD RADIUS FRACTOR OF SAFETY
42.90 1656.9 25.0 11.63
SLICE WEIGHT INCLINARTION COHESION WIDTH EFF WEIGHT
1 S6.9 -8.8 . 7008 2.3 26.7
2 124.8 -3.4 700 2.3 58.7
3 133.1 1.9 798 2.3 €2.6
4 219.3 7.9 7’80 2.1 121.7
S 386.5 12.8 708 2.1 256.1
& S14.6 17.8 7ee 2.1 355.9
7 S$91.2 22.2 700 2.1 437.35
8 611.2 27.3 780 2.1 492.5
9 S66.4 33.2 7ee 2.1 S17.@
19 477.6 39.5 ’B@ 2.3 477.¢
11 2082.3 46.9 706 2.3 292.3
ITERATION INITIRL CALCULATED
H 1.6000 9.4221
2 9.4221 19.9936
3 18,9936 11.0292
4 11.029%2 11.08299
FACTOR OF SAFETY= 11.83 AT K= 42 Y= 1@6 R= 25

EARTHGURKE=

.10

4

29
29
29
29
29
29
29
29
29
29
29

38.2
48.5
42.8
45.1
47.
49,
St.
53.
S5S.
57.9
60.2

=~ wWr



WATER UNIT WEIGHT= 61,48

Ey terior 5{0;3@—

POINT X~QRD ¥-QRD
1 2.0 81.50
P, 44.00 81.59
3 73.00 95.00
4 gz.8¢0 9¢.a0
s 84,00 9%, 0@
€ 100. 08¢ ar.e@
7 208,00 87.00
LINE LEFY RIGHT SOIL
1 1 2 2
2 < 3 2
3 5 6 2
4 = 7 2
5 2 3 1
€ 3 4 1
7 4 5 1
soIL UNIT WEIGHT COMESICN o SATURARTED
1 118 7oB 29 NO
Z 118 7bea 29 YEeS
CIRCLE X=-0ORD ¥-ARD RADIUS FACTOR QF SAFETY
5.0 192.8 30.9 2.77
SLICE WEIGHT INCLINRTION  COHESION WIDTH ~ EFF WEIGHT & X
1 7E3.6 42,2 7es 3.6 359.1 2% 34.9
1963.7 ~33.4 -1 3.6 923.5 29 28.S
3 2836.0 -25.4 rd-L} 3.6 1333.7 29 42,2
4 5382.9 ~16.7 708 4.8 2650.0 29 45, 4
5 7339.8 -7.2 709 4.8 3806.8 29 51,3
€ _B8837.8 2.1 7e8 4.8 4749.5 29 56.1
7 9889. 4 11.4 7ee 4.8 - -%5480.0 -- - 29 £8.9
8 19466.6 21.1 708 4.8 £988.3 29 5.8
9 10491.6 31.5 _ 7080 4,8 6235.9 29 79.6
1e 85%52.9 42.7?7 vee 4.5 5132.4 29 75.3
11 5806.7 S6.4 700 4.5 3414.4 29 79.8
12 10e6.1 69.7 700 2.8 §77.7 29 B3.8
13 6.3 75.8 700 .2 3.8 29 84,1
ITERATION INITIAL ' CALCULRTED
1 : 1.0868 2.73249
2 2.7349 2.7787
3 2.7707 2.7723
FACTOR OF SAFETY= 2.77 AT XK= 55 y= 182 R= 20

EARTHAURKE= .19



WRTER UNIT WEIGHT= £2.48
POINT X-0RD" Y-0RD
1 8.00 g81.50
2 44, 00 g1.5@
3 73.060 95.00
4 gz.Qp 95,00
5 8,00 $5.00
3 160,00 87,80
? 200,80 87.00
LINE LEFT RIGHT SoIL
1 1 2 2
2 P 5 2
3 5 6 2
4 6 4 2
S 2 3 1
6 3 4 1
7 4 ot 1
SOIL UNIT WEIGHT COHESION & SATURATED
1 118 700 23 NO
2 1i{8 ré-1- 29 YES
CIRCLE  X-ORD Y-0ORD RADIUS FRCTOR OF SRFETY
56.0 182.0 30.9 3.909
SLICE MEIGHT INCLINATION COHESION  WIDTH EFF WEIGHT
3 1302.1 -45.9 " 700 4.4 €12.4
2 3222.5 -34.7 700 4.4 1515.5
3 4525.% -24.9 7ee 4.4 2128.3
4 $373.3 -15.9 768 4.4 2527.0
5 7113.4 -6.9 700 4.8 3463.8
6 8596.8 2.4 700 4.8 4398.3
? 9632.8 t1.?7 700 4,8 5122.4
8 18192.6 21.4 760 4,8 5622.5
9 18196.3 31.8 780 4,8 5861.2
10 9460.9 43.7 780 4.8 5752.2
11 4378.3 55.3 780 3.1 3112.1
12 2775.9 €8.9 700 3.1 1916.7
13 82,3 79.8 7802 .5 80.3
1TERATION INITIAL CALCULARTED
1 1.80080 3.0347
2 3.08347 2.9976
3 2.9976 2.9%60
FRCTOR OF SKRFETY= 3.86 AT ¥X= $P Y= 100 R= 3p

EARTHRURKE= .19

4

29
29
29
29
29
2%
29
29
29
29
29
29
29

2B.6
33.¢
37.4
41,8
46.4
St.3
S6.1
£€8.9
65.8
78.86
74.6
77.7
79.95



WATER UNLY WEICHT= 62,48

POINT  X~O0RD Y-0RD
1 2. 00 §1.50
Y, 44,08 81.%5@
3 73,08 96. 80
4 82.20 9€. 082
s 84.28 95.@9
6 100,88 87.@0
? 200.00 87.20
LINE LEFT  RIGHT SOTL
1 i 2 2
2 2 5 2
3 5 6 2
4 6 7 2
5 2 3 1
6 3 4 1
? " s 1
SOIL UNIT WEIGHT COHESION SATURRTED
1 118 709 29 NO
2 118 700 29 YES
CIRCLE  X-ORD v-GRD  RADIUS FACTGR OF SRFETY
45. 8 185.8 38.8 3.77
SLICE  WEIGHT  INCLINARTION  COHESION  WIDTH EFF WEIGHT
1 827.9 -33.4 700 4.4 389. 4
2 2069.8 -23.7 7080 4.4 973.4
3 2867.2 -14,8 700 4.4 1348. 4
4 3289.0 -6.2 7ee 4,4 1546.8
s 4895,7 2.5 7ee 4.6 2031.5
6 " %828.9 " 11,3 7ee 4.6 2682.2
7 5562.9 20.4 780 4.6 3144,8
8 5638, % 30.1 7080 4.6 3391.7
9 5126.7 48.9 700 4.6 3362.S
1@ 3713.4 £4,2 700 4.6 29089.2
11 614.8 65.3 700 1.6 §1¢.8
12 67.7 7e.8 780 .6 67.7
ITERATION INITIAL CALCULATED
1 1.8020 3.5111
2 3.5:11 3.7524
3 3.7%24 3.76%1
4 3,7651 3.76%7
FACTOR OF SAFETY= 3.77 AT X= 4S5 Y= 185 R= 30
ERRTHQUAKE= .18

-

29
29
29
29
29
29
29
29
ras
2%
29
29

28.¢
33.@
37.4
41.8
46,3
ve.s
55.4
ce.o
£4.5
63.!
?2.2
73.3



HATER UNIT WEIGHT= 62,48

POINTY X-0RD Y-0RD
1 2.0 81.%0
M/;z 44,00 81.50
3 73.80 96. 00
4 82,90 96. 080
5 g4.00 55,08
6 180,020 87.00
? 282.080 87.90
L INE LEFT RIGHT SOIL
! 1 2 z
2 2 s 2
3 -1 6 2
4 € 4 2
s P4 3 1
'3 3 4 1
? 4 5 1
SOl UNIT KEIGHT COKESION @ SRTURRTED
1 118 7@ 29 NO
2 116 70e 29 YES
CIRCLE  X=-ORD Y-ORD RADIUS FACTOR OF SAFETY
52,8 112.@ 30.0 3.64
SLICE WEIGHT INCLINATIGN  COHESIDN  WIDTH EFF WEIGHT
1 18.1 -1@,6 T .7 18.1
2 481.0 -7.1 7e0 2.9 3%52.3
WA 1855. 4 -1.6 7080 2.9 768.2
4 1832.7 4.0 700 2.9 1B18.5
s 1912. 4 9.6 780 2.9 1282.8
6 2190.9  15.3 780 2.9 1495.7
7 2361.4 21.2 T 708 TTT2.8 1665.6
8 2412.2 27.3 rd-I 2.9 1775.3
9 2324. 4 33.7 7ee 2.9 1819.9
18 2067.¢ 4.8 700 2.9 1764.7
11 594.6 45.8 7889 1.8 578.9
12 674.7 49,7 7080 1.7 674.7
13 247.9 55.8 780 1.7 247.9
ITERATION INITIAL CALCULRTED
1 1.8000 3,3179
2 3.3179 3.8044
3 3.8044 . 3.839¢
4 3.8394 3.8416
FACTOR OF SAFETY= 3.84 AT X= %2 ¥= 112 Re 3@

EARTHQURKE= .18

-]

<9
29
29
29
29
29
29
29
29
29
29
29
29

45. 5
48,3
51.2
54,1
57.@
$5.9
£2.8
65.7
€E. 6
71.%
73.5
74.9
7€.5



WATER UNHIT WEIGHT=® 62,40

SOIL

_ e R R RO

COHESTON

7
7

3%.0

@8
ee

FACTOR OF SAFETY

2.

COMESICN

AT X=

POINT  X-ORD Y-0RD
i Q.00 . 81.5¢
2 44,00 g81.5@
— 3 73. 00 56.0¢
¢ 82.00 96. B2
s 84,00 9%5. 02
6 1ee. 82 87.00
? 202. 00 87.00
LINE LEFT  RIGHT
: g 2
2 2 5
3 s 6
p 6 ?
s 2 3
6 3 4
7 “ 5
so1L UNIT WEIGHT
1 118
2 118
CIRCLE  X=-0ORED Y~-0ORD RADIUS
=5.9 105, 0
SLICE WEIGHT  INCLINATION
1 14%57.3 -42.3
2 36%4.5 -32.0
3 5159, 2 -22.7
4 8198.8 -13.4
s 16777.7 -3.8
& 126%98.9 5.8
? 12932, 5 15.5
8 14433. 5 25.7
b 1p361.9 3%5.95
1@ 8347.7 45,2
(1 27089. 4 £3.2
12 2466.90 §3.0
ITERATION INITIAL
i 1.2828
2 2.7941%
3 2.7726
FRCTOR OF SRAFETY= 2.77
ERRTHQUAKE: .18

702
I4-L
798
7802
rae
7Q0
7¢0
7@
‘ee
7ee
ree
’ee

CALC

5% ¥=

@ SARTURATED
2% NO
25 YES
77
WIDTH EFF WEIGHT
.8 685. 4
s.@ 1718.7
.9 2426.3
5.8 4026.3
5.8 558e.3
5.8 6821.2
5.8 7746.2
5.8 §322.9
4.5 $983.1
4.5 4689. 4
2.9 1378.7
3.9 1159,7
ULRTED
2.7941
2.7726
2.7720
185 k= 3%

EX{‘E»( {.GY‘ S)ope_

]

€9
29
29
25
<9
29
23
29
29
29
29
29

31.6
3€6.5
41.5
46.9
s2.7
S8.5
£4.3
78.1
?5.3
79.8
83.0@
85.9



WATER UNIT WEJGCHTs 62,40

POINT x~0ORLD Y-0RD
1 Q.00 81.%50
< 44,080 B1,%0
3 73.00 96.00
4 82.09 9¢. 80
] 84,08 9%. 02
6 182. 20 87,08
7 Ze. ge B7.@8@
LIKE LEFT RIGHT SOIL
1 H < <
< 4 -] 2
3 ] [ l
4 é 4 <
] s 3 i
[ 3 4 1
7 4 S 1
SOIL UNIT MWEIGHT COKESIOHN 2 SATURATED
1 118 ‘ee 29 MO
< 1i8 -1 29 YES
CIRCLE X~0RD Y=-0ORD RADIUS FACTOR OF SAFETY
$8.8 10E. @ 3%.8 2.79
SLICE MEIGHT INCLINARTION COHESION WIDTH EFF WEICGHT
1 919.2 =-36.3 T 7ee 4.4 432.3
2 23%8.1 -27.7 780 4.4 1185.9
a 4404.6 -19.4 700 4.9 2189.9
4 6%529.5 -11.1 708 4.8 3426. 1
S B249.6 -3.1 70ea 4.8 4471.9
[ 9%5B86.2 4.8 vee 4.8 §$337.4
rd 10536.8 12.8 708 4,8 6821.3
8 j1875.8 21.1 7ee 4.8 e511.3
g 9782.4 29.6 vee 4.9 5718.6
12 0174.9 38.6 vea 4.5 4528.1
il 2826.8 45.6 78a 2.8 1433.6
12 36B8.6 5.7 7ep 5.3 1697.1
ITERARTICN INITIAL CARLCULRATED
1 1.8008 2. 7363
P4 2.73€3 2.791@
3 2.7910 c.7928
FRCTOR OF SHFETYs 2.79 AT X= € Y= |B8 R= 3%

EARTHGURKE= .10

2

29
9
29
29
29
29
29
29
29
29
A
29

37.4
41.8
4. 4
51.3
5.1
60.9
65,8
78.8
?5.3
75.8
83.8
B5.7



MATER UMIT WEIGHT® 62,480

FACTOR OF SARFETY

FOINT  X-ORT Y-0RD
! .08 B1.50
2 44,02 B1.58
3 73.00 96. @
“ 82,08 9¢. 0@
s 4. @0 95. 00
6 100,80 87. 0@
7 200. 98 87.20
LINE LEFT  RIGHT SOIL
1 1 2 2
2 2 s 2
3 S 6 2
4 6 7 2
s 2 3 : ,
3 3 ‘ 1
? ‘ s 1
sO1IL UNIT WEIGHT COHESION
1 118 7eg
2 118 708
CIRCLE  X-ORD Y-ORD  RADIUS
ta.¢p 100.8 35.9 2.
SLICE  WEIGHT  INCLINRTION  COHESION
1 2844.9 -50. 4 . 700
2 6727.7 -36.7 7oe
3 9199. 3 -25.3 700
4 18706.7 -14.9 700
s 12179.2 ~5.1 7088
6 14174.3 4.4 700
7 15511, 14.1 790
8 16121.3 24.2 708
9 15853.2 35.3 7e9
18 18727.7 46. 4 700
11 7653.3 58.9 708
12 1687.3 71.2 709
13 128.2 78.8 700
ITERATION INITIAL CALC
1 1.00082
2 3.2239
3 2.9346
4 2.9289
FACTOR OF SAFETY= 2.93 AT x= 5@ v=

EARTHQUAKE = .

lo

@ SATURRTED
29 NC
23 YEZ

93

WIDTH

v e s+ v e B & s s
N @LWMAWOOoDOM D WY WO

RAMAARARAONRA W

ULRTED
3.2239
£.934¢
Z2.928¢9
2.9287

ige R=

EFF WEIGHT

3%

1337.9
3164,9
4326.3
Se3s5.2
SB94.0
7.7
B147,.4
8775.6
£998.6
6155.1
4282.8
g98.1
€8.3

]

29
29
29
29
29
29
29
29
29
2%
29
29

23.3
29.2
35.1
41.8
46,9
32.7
58.95
64,3
ve. |
75.3
?9.8
B3.9
84,3



WATER UNIT WELIGHT= 62,40

POINTY X-0rRD Y-0RD
l @.ee B1.58@
-2 44,20 81.950
— 3 73.00 9¢€, @0
4 8z.0% 9¢. 08
b=! 84,082 95,80
& lge.ee 87.8¢@
7 209,08 g7.08
LIKNE LEFT RIGHT SOIL
H 1 2 P
2 2 5 2
3 S & 2
4 € 7 2
e 2 3 i
€ 3 4 1
7 4 s 1
SOIL UNIT WEIGHT COHESION - SATURATED
i 118 768 29 NO
< 118 7Bo 2% YES
CIRCLE X=0RD ¥Y=-0ORD RADIVUS FACTOR OF SAFETY
45.8 185.8 35.8 3.28
SLICE WEIGHT INCLINRTION COHESION WIDTH EFF WEIGHT
i l462.8 -42.3 7ep s.e €87.5
< 36635.2 -32.8 700 S.0 1723.7
/3 S173.8 -22.7 700 S.9 2432.8
4 6143.7 -14.1 7ee S.e 2889.3
s 6653.8 =5.7 788 5.0 3129.2
& _8Bl12.7 3.1 7280 5.8 4315.1
7 12243.5 12.8 78 5.8 8329.1
8 19960.3 22.8 ree 5.8 6pe7.3
9 1e827.8 33.7 788 5.8 6286.1
18 9526.8 46.2 7ee 5.8 EB15.9
1! 4743.8 1.5 769 4.9 3489.3
12 194.1 72.5 768 1.0 1%0.1
ITERATION INITIAL CRLCULRTED
1 1.0680 3.1718
2 3.1718 2.19353
3 3.1953 3.1962
FACTUR OF SAFETY= 3.29 AT X= 45 y= 1@% R= chat
ERRTHRURKE= 18

&

29
29
29
2%
29
29
29
29
9
29
29
29

21.6
26.9%
3l.
36.
41,
46,
52,
58.
€4,
’0.
7?3,
’8.

We =Ry OKeROO
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BEAR CREEK CANYON MINE — SEDIMENTATION POND “A”
CROSS SECTION THROUGH EMBANKMENT

RIGHT SIDE COORDINATES
no 100 90 80 70 60 50 40 30

o - ’

100 (104,98) (1104986)

L.
02, 96)
(108,94}

P

Ot -
D i RN
e
_ NAT T

jR‘—_--_—-‘ ~f
AL GROUND SURFACE -_..________m.l\

/

VERTICAL ELEVATION
S
/
/
/
/l

80
70
90 100 0 120 130 140 150 160 170
. LEFT SIDE COORDINATES
AADILS = 10° CO-OP MINING COMPANY

SCALE 1°=10’ : / 4

HORROCK S
CaARCLL O
ENGRE ERS




BEAR CREEK CANYON MINE ~ SEDIMENTATION POND A"
CROSS SECTION THROUGH EMBANKMENT

RIGHT SIDE COORDINATES
Nno 100 90 80 70 60

50 40 30
[{[e]
(106,102)
100 (lOF: 10t}
(109 }o8)
(106,94)

Y .
/7/ “""-\ h‘
Si !
véi O, -2t
~—
AT 3\4 \""'-..,‘
\k RAL GRouan—_____‘_E:\:

80

VERTICAL ELEVATION
3o
o

70
90 100 o - 120 120 140 150 160 170
LEFT SIDE COORDINATES
RADIUS = I5" CO-OP MINING COMPANY
SCALE 1"~10’ / x

MHORROOCS
CAAXLO
FrOMET RS




BEAR CREEK CANYON MINE —- SEDIMENTATION POND “A”
CROSS SECTION THROUGH EMBANKMENT

RIGHT SIDE COORDINATES

o 100 30 80 70 60 50 40 30
o .
{102,107)
{106,106)
(102,104)
109 100
100 (1994100)

‘ / & \
4})4 O’L\‘;’\e‘l\.\
. \\“"'-._

\

VERTICAL ELEVATICN
w
Q

80 _\

70
90 100 1o 120 130 140 150 160 170
LEFT SIDE COORDINATES
, CO-0OP MINING COMPANY
RADIUS = 20
SCALE 1" 10’ / v

HORROCK S
CaAX10
Fracoa F g
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VERTICAL ELEVATION

o

BEAR CREEK CANYON MINE — SEDIMENTATION POND “A”

100

CROSS SECTION THROUGH EMBANKMENT

30

RIGHT SIDE COORDINATES

80 70 60 50 40 30
1o
100 -
< (52,94
/‘" (50{92) (46,92)
90 //
— Ny

80 M/
70

90 100 1o 120 130 140 150 160 170

LEFT SIDE COORDINATES
co- .

oS i O-OP MINING COMPANY

SCALE 1= 10’

/ =
MHORRDCKS
Cal ()
FMGPE FRS




BEAR CREEK CANYON MINE ~ SEDIMENTATION POND “A*
CROSS SECTION THROUGH EMBANKMENT

RIGHT SIDE COORDINATES
no 100 90 80 - T0 60 50 40 30
no :
100
(58, 98)
é _ " (52,96) (47,97)
o / N K
g S~ x
90 red \Lsod > (57.90)
3 - Oyl
£ T I
TUR J;
80
| /
i b-/
70
90 100 o 120 . 130 140 150 160 i70
LEFT SIDE COORDINATES
CO- .
Aot O~OP MINING COMPANY

SCALE

1°=10°

/
NHORROCH S
cCAvxto
Fromd ¥ 8




BEAR CREEK CANYON MINE - SEDIMENTATION POND “A”
CROSS SECTION THROUGH EMBANKMENT

RIGHT SIDE COORDINATES
HO 100 90 80 70 60 50 40 30

no

{52,102] Ms,_loz)

(5‘0,50)

100

\ . (58,94)
~

VERTICAL ELEVATION
\,\
/
/
_,_,..._.
/

/ 12
" SR %i ‘\
| AT S
J gy ™
RAL \QROUND SuRFace b\&é;_
R e’d
80 < /
\_"’/‘1
70
90 100 lio 120 . 10 140 150 160 170
LEFT SIDE COORDINATES
, CO-OP MINING COMPANY

RADIUS =20

SCALE 1°=10° / L4

HORRO(CKCS
CAROX 1 O
Er D FRS




BEAR CREEK CANYON MINE - SEDIMENTATION POND “A”
CROSS SECTION THROUGH EMBANKMENT

RIGHT SIDE COORDINATES

10 100 90 80 . 70 60 50 40
no
(48,106} {42[106)
100 (50]100)

(57,99)

g
ggo //(\\“"‘&%\m
g ' GROUN

NATUR URFACE ng;“'m;
!

80 : g .
\\\ Z/
70
90 00 o 120 130 140 150 160
LEFT SIDE COORDINATES
N CO-OP MINING COMPANY

SCALE 1"~ 10’




VERTICAL ELEVATION

BEAR CREEK CANYON MINE — SEDIMENTATION POND “A°

CROSS SECTION THROUGH EMBANKMENT

RIGHT SIDE COORDINATES

110 100 90 80 70 60 . a0 - 0
10 152.!!30
(45,105)
(55,102)
* (50}100)
100
/f \&\\
90 e B NET
\ s
I T TS
ATURAL\GROUNG 5 o h___q:_:é‘
yd
80
90 100 1o 120 130 140 150 160 j70
LEFT SIDE COORDINATES
CO-0OP MININ MPANY
RADIUS = 30' INING CO

SCALE 1°=10’ / I 4
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BEAR CREEK CANYON-MINE — SEDIMENTATION POND “A”
CROSS SECTION THROUGH EMBANKMENT

RIGHT SIDE COORDINATES
w 100 90 80 70 60 50 40

30
"0 {sg,loe)
(55,105) | 145,105)
(50/100)
100
: —
s .“""- \
3 -~ Soi~ 2t
g T ' o “‘\__‘\
\“'\ ) .
: RAL G Uhm"“—*‘—-‘":“‘
80 \\ yh
90 100 1o 120 . 130 140 50 1 oy
LEFT SIDE COORDINATES
RADIUS = 35' CO-OP MINING COMPANY
SCALE 1"~ 10’ / Y 4




“s3LorLE-
A slcpe stability program uttlizing the simplified or "medifred
Bishop" method,

/] The program was written by John P, Cross, P.E., Processing Manager
¢f STE Consultants, Northbrook, Illincis. This progras was printed \n the
October 15982 issue of "CIVIL ENGINEERING.®

This version was copied from "CIVIL ENCINEERINC® and edited for the
Hevlett-Packard 9845 desk-top computer by Horrocks Engineers in March
1933, The forsat for the input and the outputl was changed from the
eriginal version, however, the program itself was not changed.

HORROCKS ENGINEERS
OHE WEST MAIM STREET
AMERICAN FORK, UTRR 8303
TELEPHOHE (8@1>7356~76528
42 OPTION BRSE I
44 OVERLAP
4€ PRIHTER 15 16
48 PRINT *SLOPE STREBILITY RANALYSIS®
Se DIm P(32,25,L(358,32,82(5,4),A(58),F(50,7),2¢5%0,4),H5(80),S5it$¢0:1)(3]
=¥ INTEGER Logo(2)
S4 Sbit$(1)=" HO"
6 Sbits(@)="YES" '
-8 $9=10
_/j Je=@
2 QUTPUT J5°R*"
64 ENTER S;M,D,Times
66 Dates=VALS(MIL"/"RYALS(DIL 83"
68 PRINTER IS @
7ea PRINT =°,LINC4),TAB(BA-LENC(Dates >);Dates,LINCE);
7e COSUB Logo { PRINT HDRROCKS EHGIHEERS’ LOGO
74 PRINT LINCS),TAB¢28)>,"SLOFE STABILITY ANALYSIS«,LIN¢2),TABC38), "For=, LINC2

##¢ INPUT OF PROCRAM VARIABLES e+

’8
79
82

INPUT ®ENTER THE DATA FILE KAME",Files
INPUT *ENTER THE PROJECT NUMBER",Pns
[HPUT “ENTER THE USER’S INITIALS",Users

186 LINK Files, 5000
2] 9@ RERD Hs

i9

1 PRINT TRB(4Q~LEN(HS$)-/2)}HS

199 PRINT LINC38),TAB(38),"DATA FILE: "SCHRS(34)LFileSLCHRS(34),LINCY)
2Q0 PRINY TAB{2S5),"PROJELT MUMBER: “4FPns,LINC1)

281 PRINT TRRB(37),"by: "tUsers
283 PRIMTER IS5 16

2108 READ S©

211 IF S@=8 THEN 278

3 READ Sé

¢ READ S7

3 READ WO

.98 REARD EIl
ERY:) READ PI

3t

1 PRINTER IS 16

3LS PRINT “POINT X-0RD ¥Y-0ORD" -
328 FOR I=1 TO PI
e i PRIHT <SPa¢=2y 1




9%@

B R A g

S=(Y2-Y12,(X2-X1)

SATURARTION®

RIS FORGE 23X, 0000 ab, o0y
350 RERD Pel, 1), Pl o
371 PRINT USING 332;P(C1,1), PCl, 2
380  HEXT |
408  RERD L1
4e| PRINT LINC1), "LINE FROM 10 SOIL BENEATH®
482 [MACE 3x, 2c4n 3X), 2X,2D
418 FOR Is; T Ll
421 PR]HTZ
440 READ L(I.l) LC1,2),L¢t, 3
480 PRINT USING 402; L(l,l) L<I,20,L¢1,3)
499  NEXT 1
S10 - READ s .
SIL"  PRINT LINC1),°SOIL  UNIT WEIGHT COHESION "LCHRSC2185L"
S12 © 1IMAGE 2x,4D.DD, 2X,9D,3X,3D, 3%, 3R .
528  FOR I=} TD St -
531 PRINT 1; . -
550 READ S2(1, 1), szc: 23, szcz 3),82¢1, 4 .
610 PRINT USING 512 szcx 1, szcx 2, szc: 3),Sbits(s2¢1,4))>
620  NEXT ]
t4+ CIRCLE DEFINITION +#+%
649  F9ap
64 PRINTER IS 16
658  PRINT "CIRCLE DEFINITIQN® :
660 ' INPUT -eursn THE X- oan, Y-ORD, AND RADIUS OF THE FAIL SURFACE FORMAT X, ¥
R--,x Y,R
3
"3cw CHECX TO SEE IF. CIRCLE Excssns TOP LINE END POINTS #a%
730 Ul=pP:. . " . . -
748  FOR z-z 70 Pt
rd-1-} IF <P, 1)(P(I =1,1)) AND (UI-Pl) THEN 7?78
768 COTo 782
770 Ulsl~y
780 NEXT 1 .
798 Ji=ReR-(P({ 2>-y>~2 R .
‘gee- Jz-R-R-<rcu1 2Y3Yy~2 -'ffﬁ
818. IF:J1¢ep THEH 830 "
820 .. IF CJ13@)"AND (P(3;1)>X- SOR(J1>> THEN Bg@
832 IF J2<¢=@ THEN 858"
84@ IF ¢J2>8) AND (P(Ul 1><x+san<:2>> THEN 868
858 . GOTO 8@
868  DISP *ClRcLE Excssns TOP LINE an POINTS®;
878 GOTO 4389
#&% DEFINE INTERSECTION OF CIRCLE WITH LINES #+%
890  FOR I=f 7O L1
LT X1=PCLCI,1),1)
9t YimP(LCL,1),2)
@ X2=P(L(I,2), 1)
.8 Y2=PCL(1,2),2)
40 IF X2=X1 THEN 960
959 COTO 978
960 S=9.99E18
979 IF X2¢>X1 THEN 990 .
980 COTO 1800

i

VS R S ———"— g e

-



IEANRY Clenl=r1.8%

A L B T2 Y

1630 CIl=lell rSe2axs5-20y

1040 CasC1 2-2eXel 14X A2¢Y22-R~2
10350 CS=C342-48C2¢C4 _

‘1060 IF CS<e THEN |@8g

1870 COaTO 1890
lege 2¢1,1)=0
109 IF C5¢8 THEM 1630
iteg Qim(-C3+5QR(CE) Y7 (22C2)
ii1e C2=(=C3-SQR(CSI) 7 ¢24C2)
1120 Q3=01 8+
1138 Q4=02/5+C 1
1149 GOTO 1240
115 ComRa2e(yY-¥])n2
1168 IF CS5<B THEN ttse
117a GOTD 1199
11880 2¢I, 1)
11%0 IF C3(% THEN 1630
1288 QI=X+STR(LS)D
1219 Q4mX-50R(CS)
1220 Qle=vy}
1230 Q2=y]
1240 Ji=o
125e . J2=g
r26Q IF (ABS(S)(=9,99E9) AND (Q3>=X1) AHD (83<=X2> THEN 1288
1278 GOTO 129@
1280 Ji=}
1290 IF (ABS(S)>(=9,99E9) AND (Q4>=X1> AND (G4¢=X2) THENM 131e
1300 GOTO 1az2e ' '
1310 J2=y
320 IF (S(-9.99E9) AND <Q1>=Y2Z) AND Q1<=Y1) THEN 1340
—1 338 GOTO 3358
" 1340 Ji=}
1359 “IF -(S<~9,99E9) AND (Q2)>=Y2) AND (Q2<=Y!) THEN 13780
1368 GATO 1380 i ' '
1370 J2=} .
1380 IF (S>9.99E9) AND (Q1d>=Y1) AND (QIC=Y2> THEN 1490
1398 GOTO 1418
1400 Ji=}
1410 IF <($)%.99E9) RND (Q2>=Y1) AND CQ2¢{=Y2) THEN 1438 )
1428 COTO 1448 - © - . )
' 1430 + Jew] :
1449 2{l,1)=Jiet2
14352 IF Ji=1 THEN 1478
1460 GOTO 1488
1470 Z2(1,2)=03
1489 IF Ji=1 THEH 1508
1498 GOTO 1518
1508 2<1,3)=01
1518 IF (Ji=8> AND ¢J2=1) THEN 1530
1528 GOTO 1542
1538 2¢]1,2)=04
13540 IF ¢J1=8) AND (J2=!) THEN 1569
15358 GOTO 157@
1569 Z(1l,3)=g2
1570 IF ¢Ji=1) AND (J2=1) THEN 15958
580 GOTQ 1é68e
9 ZCl,4)a34
508 IF (Jil=1) AND ¢J2=t) THEN 1620
.610 COTO 1638
1628 2¢1,3)=Q2
1630 HNEXT _
1648 Xd4x=p -
1658 XS5=9,99£29
1 €Eals Tim1



e A L Y

cogw Crafms Jetympo [
P Tt Qa=THT(Q3/G2re
2300 CleQ3 04

231, C2or(l)
2320 FOR J=) TO 04

— 2330 IF J<Q4 THEM 2350 '
2340 COTO 2368
2358 Timlgey
2368 IF JCQ4 THEN 2382
2379 COTS 2398
2380 RCIYdmE2+C1
2390 IF JCQ4 THEN 2410
2400 COTO 2420
2410 C2=C24C1
2420 NEXT J
2438 NEXT 1

2442 FOR Is=1 TD 11
245¢ FOR J=1 Y0 I1-1

2462 IF RCI+1)>ACJ) THEN 2500
24790 Ji=sA(Je1)

2480 ACI+1>=ACT)

2490 R(J)=1y

2308 HEXT J
2318 MNEXT 1

¥
¢2# DEFINE SOIL PARAMETERS FOR ERACH SLICE s#s

23539 Fiellag .
2540 FOR =1 TO F1

__ 25580 FCI,4)=RCI¢15-AC]) ' -
2562  X6=F(I,4)
2570 FCL,70=CACTI+Id+ACTY Y 2 \

2380 - -X3=F(1,7) - -
2590 Y1mY=SQRCRA2=CACI3-X)A2)
2600 Y2eY=SAR(RA2=CACI+1)=X)~2)
2610 ASSATNCRBS(Y2-Y1)/F(I,4))
2620 IF Y2¢Y1 THEN 2648
2630 GOTC 2650
2640 RS==AS .

. 2658 |, F(1,2)=AS
2664 IF AS=@ THEN 2680
2670 GOTO 2698
2680 FC1,2)=1.8E-5
2650 ¥3=Y-SAR(R~2-(XI-X)~2)
2700 14=0
2710 FOR J=! To L1

2729 LS=L¢J, 12
2738 L=l ¢J,2) '
2740 IF (PCLS,2)<=Y3) AND (P(L6,2)<=Y3) THEN 2848
275@ IF (PCLS,15¢X3) AND CP(LE,1>CX3> THEN 2840
2760 IF CPCLS,12>X3) AND CP(L6,1)>X2) THEN 2840 .
2770 YG-P(LS,2)4(P(L5,2)-P(LG,2))/(P(L5.l)-P(LG,l))#(xa-P(L5,1)>
2786 IF Y6<=Y3 THEN 2848
2790 [4nlqst
2800 2¢14,1)=vg
110 2C14,20=L¢3,3)
— 320 W=Q
838 E=d

2849 HEXT J

28306 IF l4=1 THEN 2970

2860 FOR J=1 TO I4

2870 FOR J1i=1 YO 14-}

2868 IF 2¢J1,.103=2¢J1¢1.1) THEN "ewa



T

SR
el
KT

AU

—Z %58
29E0
2970
298¢
299@
388e
Jale
Jeze
3020
3840
3ase
38689
3ere
3289
3898
3180
311@
3128
3132
3148
315@
360
3170
3188
319¢
g1

210

~—1220

3221

J230

3248

3250
L]

3280
3290
3300
3320
- 3340
33se
3360
J361
337¢
3364
33580
3420
3410
3420
3438
3449
3456
3460
3470
180
_490
)00
S10
Js2s
3538
3540
35506
J3SEG

Lol ¥y, o
s DR IR T Dol B ICS T B
PAY R IR L I aW S N B3
2Jlet , 1)L S
Z2(J1+1,2)=L8
HEXT J1

HEXT J

[az144]

Z(l4,12ey3

FOR Jimt TO 14~}

IF (I=13 AND (Ji=1> AND (X3>=S¢) THEN 3028

GOTQ 383e
I16=58-v)

IF (I=F1) AND (J1=1) AND (X3>=56) AND (X3<=S7) THEN 3esa

GOTO 3860
JemSB-Y2

H-H*(Z(Jl,l)—Z(Jl*l,1))lX6i52(ZCJ1,2),l)
IF (2¢J1,1)<S@> AND (X3>eS$6) AHD (X3<(=$7) THEN 3098@

GOTO 31080
Nol+CS@-2CT1,1)>+X6¢W0
IF $2¢2¢J1,2),4>>.95 THEN 3120
GOTO 313e
E4m$2(2(J1,2),1)
IF $202¢J1,2,47¢<.95 THEN 3158
GOTO 3160
E4=S2¢2CT1,2,15=-HB
E=E+(ZCJ1,13-2¢T1+1,1))4XE4E4
NEXT J1
FCY, 10=u
FC1,5)=E
FC1,3)882¢2C14~1,2),2)
FCOL,8)m24P T a(S2(2(¢14~1,2),3),36@)
NEXT 1
NORNAL
IF F9=9 THEN 3368
PRINT USING 3250;CHR$(¢210)
IMACE “"SLICE  WEIGHT  INCLINATION
xl
D=362/(23P1)
FOR 1=1 10 F1

CORESION WIDTH EFF MWEIGHT *A

PRINT USING 3328;1,FCI,1),F(1,2)%0,F(C1,3),F(1,4>,FCI,S),F(1,6540,FC1,7)
IMAGE 3D,10D.D,7D.3,12D,90.0,11D.3,7D,7P.D

HEXT 1

PRINT

D=@ .

PRINTER 1S @
FCR I=1 7O F1

D-D+F(!,1)iSIN(HBS(F(I,Z)))l(F(I.Z)/RBS(F(I,Z)))

DeD+E1#FC1,1)#COSCABSC(F(I,2)))
NEXT [
IF 168 THEN 3439
COTD 3448
I7=H08 62164 CR-16/3)/C2¢R)
IF 16>@ THEN 3460
GCOTO 3478
DeD-SCHCDY*I 7
IF (I6>8) AND (F%wl) THEN 3450
COTO 3518
PRINT USINC 3See;1!?

IMRCE - "DRIVING FORCE CQUNTER BALANCE OF*,1@D.2D

IF J6>0 THEN 353¢

GOTO 3548
17=K08J6#J6#(R-J6/3)/(20R)
IF J&>0 THEN 3568

COTO 3579

DeD+SCHCREY®I?
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PE e

Jeoy

Ll e
FREINY o<y Zope gl
ITAMGE PR IvinG FORCE INCFERIE “OF =, 10l O

J
—/wrs ITERATIVE SOLUTION FOR FACTUR OF SHFETY e+4

3620
3630
3640
3¢50
3660
3678
3680
3690
azae
37:0
3720
3730
3742
3758
3768
37ze
37se
3790
3886
3ste
3820
3830
3842
3850
1868
—3870
3see
3890
39¢@0
3%01
3902
3903
3904
ases
. 3918
3520
3930
3940
39se
3951
396@
3961
as7e
3990
3991
4830
48480
4041
4050
4060
970
7
B8e
1890
4100
4110
4120

4130
dt ds

Fo=]
Rés=g
[€=@
FOR I=1 TD F1
RI=FC(1,3)¢FC],4)+F(I, SISTANCF(I,6))
R2-1/COS<HB°(F(I 2)))
R3s1+TANCF (] 6))!THH(F(I,2})/FB
R4-R40R11(R2/R3J
NEXT 1
F2=R4-D
[6=]6+1
IF F9=1 THEN 3750
GOTO 382¢
IF 16=1 THEN 3770
GOTO 389
PRINT
PRINT USING 3790
IMAGE “ITERATION®, 11X, *INITIAL", 10X, "CALCULATED"
PRINT USINGC 3810;16,F8,F2
IMAGE 3x,3D, 13X, 3D 4D 12X,3D,.4D
IF 1é>189 THEH 3849
GOTO 3850
PRINT "WILL HOT CLODSE"
IF 16218 THEHN 39748
IF RBSC(ABSCFBY-RBS(F2))¢.0085 THEN 2908
Fe=ABS(F2>
R4=9
GCOTO 3650

IF NOT F9 THENW
PRINTER IS 16
ELSE
PRINYER IS @
END IF
PRINT
PRINT USTNG 393@;F2,X,Y,R :
IMAGE “FACTOR OF SAFETY= *,5B.2D," AT X= * 4D, Y= +, 4D,
PRINT USING 3950;E1
IMAGE °“EARTHQUAKE= *,2D.2D
IF F9 THEN 43889
PRINT
Agm="
[HPUT “DD YOU WISH R FORMAL PRINTOUT (Y/H>*,A$
IF UPCS$CR$[1,13)="N" THEN 4320
PRINTER IS @
IMACE @“KATER UNIT WEICHT=*,3D.2D
PRINT USING 4830;ue
IF 58 THEN
PRINT

" R= *,4D

INAGE “SUBMERGENCE AT *3D.2D,* FROM "43D.1D," TO *,3D.1D

PRINT USING 4068;$0,56,57
END IF
PRINT
PRINT * POINT  X-ORD Y-ORD "
IMAGE 43,7D.2D,?D.2D
FOR I=] T0 PI

PRINT USING 4100;[,PCI,1),PC1,2)

HEXT 1
DL YMT



LN RN
diew
aliv
4180
4190
4299
4216@
ED"
4228
4238
4248
4258
. 4260
4270
42802
4298
4309
4318
4311
4320
4340
4350
43780
4374
43808
414082
4421
4418
4320
4538
4540
4550
45680
4378
4588
4390
4698
4610
4620
46308
4640
4650
. 4660
467¢@
4680
4690
4700
471Q
4728
47380
4740
47358
4760
4770
47880
4799
48080
4818
e2e
_{330

Frlul - Lt LLEI bkl LY R
IHAGE do .
FOR I=1 TQ L)
FEINT USING 4160:!.Lfl.l).L\[,:’.L'l,é'
HEXT |
PRINT
PRINT "SOJL UHIT WEIGHT COHESJON "LCHREF (2100t "

IMACE 3D, 15D,17D,9D,7X, 364
FOGR I=1 70O 53
PRINT USINGC 4228;1,82¢1,1),82¢1,2) »32¢1,3),8b1L8¢852¢,4))
NEXT 1
PRINT
PRINY =CIRCLE X-0RD ¥Y-QRD RARDIUS FACTOR OF SAFETY"
IMRCE 1¢0.D,70.0,7D.D,8D.2D
PRINT USING 4288;X,Y,R,F2
PRINT
PRINT
R‘.I.
INPUT "D0O YOU WISH A DIACNOSTIC RUN (YsN)=,As
IF UPCSC(ASC1,1))="N" THEN 437¢
Fo=}
IF UPCSC(RS$(1,11)<>"N" THEN 728
H’-I.
INPUT "DO YOU WANT TO CONTINUE (Y/N)>*,A%
IF UPCSC(ASIL,112¢>"N* THEN 630
bigp * FIHISHED .
§TOP
Logo:PLOTTER IS 13, "GRAPHICS"
GRAPHICS
SCALE 2,559,8,45%4
LORGC 2
FOR =B TO S
Logel1)=-2175
Logo(2)=~-4352
R=454=-]
GLORD Logo(#),0,R
HEXT 1
FOR I=6 TO 14
Logo(1i==-2115
Logo(2r==-4352
Re=g54-]
,GLDAD Logo¢s),e,R
NEXT 1
FOR I=15 TO 21
Logo(l)==-2175%
Logo(2)w=~-4¢352
R=d454~]
GLOAD Legel(#),0,R
NEXT
CSIZE 15-4.54,9/15
MOYE 27,458
LABEL *HORROCKS®
MOVE 27,437
CSIZE 15/4,54,8/15%
LARBEL “EHGINEERS®
DUMP GRAPHICS 43@,454
GCLEAR
EXIT GRAPHILS
RETURN

SATUFART
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Where C is the cohesion, $ is the fric-
tion angle and the summation occurs
over zach slice of the faiiure zanec, As
the factor of safely, F, cccurs on both
sides of the equation. An interaclive
solution where F is initiajly estimated
and then back substituted until the cai-
culated F and estimated ¥ close within
1 specified tglerance.

The equation can be modified to han-
die two addilivnal conditicns by adding
idditional factors to Lhe tzrm defning
the driving force. These two conditions
are standing poois, i.c., submergence of
3 portion of the slope, and earthquake
loading. For submergencs, the weight
af water acting above Lhe slice is added
10 the weigat of the slice itself, The
io1al driving forcs is incrzazed or de-

“ . ey

For maturat ar, man-made slopes, the
index of stabiilty with respect 1o a sud-
den failure is known a5 Lthe salety facter
of the sicpe. Tae safety (actor may be
defined as the razio of the potential
resisting foress to the drive farcss tend-
ing to cause movement. A sicoe on the
verge of [ailure wouid have a salety fac-
rorof 1.0. The anz:vsis of siope s1adiiity
i3, therefore, ne analytical proczdurs
of determining ths most critical. f=,
the lowest, factor of safety of 3iven or
sroposed slopel” '

Manuzl methods of siope stability
anaiysis were deveioped prior io the
agvent of thei eisctronie computer.
Taese approacaes resuited in digh anale
¥sis costs and conservative siooe conrig-’
urations. Repetitive calculations lenced
themseives icomouterized methoas !
1nd numerous Fregrams exist that have
beea. written for-large computer sys- -
tems to perform siope stability analysis .
sccording 1o a<number of theoretical
methods, - L0 -7. MR

The ‘zimpiified cr modified Bishop
mezhod is reasonably accurace for most
purpescs where (Ee siope undsr analysis
can be assumed to {ail zlong a circular
failure. surfacel The factor of saicty is
defined ‘s the.ratio of the resisting -

(114

Figure | Fodre 100 & Onedwd £i0 ShCE3 K¥CBS
SENNVG UOON § T Mre i e

crcased by the weight of water above or
below the exit of the [ailure surface
(rom the siope. The second condition of
carthquake loading can be handled by
increasing the driving fores calculated
f{or each slice by EWasd, where T 4
the carthquake loading factor. Simiiar-
Iy the resisting fores is decrzased by 4
decrease in the normal forec due to the
earthquake loading.

Foilawing the calculzstion of the safe-
ty factor for this are, the <enter or
radius of the arc is modified to generate
1 new failure surfacs. The previcusiy
mentioned procedure is again {cllowed
witl a new factor of ;afcty being deter-

moments to driving momeats around
_ihe csnter of the faiiute arc. Initially, 2
cross-séction af ~the slope is drawa -
g.‘.et;iling “soil jtrata ‘and ;;:'czor:ctric' e 2
surfacss, A ceatsr noint is thea chosen : bl e Sl
from which &n'arc s taken through the  P=w= &gﬁﬁ“&:ﬁ‘
cross-section. This arc represents the. g __,' S e D
‘faifure surfzcc-under evajuation. This Laails e e LT el
failure zone is brokza down into a series
of slices whica can be individually evai-
uated for ther.weight and strength
characteristice’ An  illustcation of 2 ,
Wiy H . H g e, £
slope cross-section being defined by 3 i3 T,u":'wﬂ;l‘g"ﬁ“zgﬂ;‘-,.-_ 14
series of slices is shown in Figure i. S ) aa ";‘T-f':ﬁ:":;r';f-":*--
The forces aciing on cach slice sre Lo T
illustrated in Figure !, where &X'Is the
width of the.sice. W is the weight of
the siice, T is the force acting ajong the
failure surface at the bottom of the
slice. N is the fTective force acting nor-
mally to the base of the slice and @ is
the inclination of the failure surface or
glicc base. The (actor of safety is
defined as:

F'wcz.mowa \
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mined. This eatire sequence is repeated  erate the failure surface, lines 720-860  cach slice and the setual iterative solu-
until the failure surface for the minj- perform a verification that the failure tion for- the factor of salcty occurs
mum factor of salety is determined. arc falls fuily within the cross-section between lines 3610 and 3950. The

The program included in this article and lines B80-1340 define the intersec.  remainder of the program is the fermal

‘ follows the same general procedure as  tion points between the line segments  output of the cesults,

previousiy defined. The program can be  and the failure arc. The slice array is The program includes & diagnostic
broken down inio nine segments. Lines set up betwesa line 1850 and 2220, print-out where all the slice parameters
100-620 are input routines for the entry  with slice boundaries defined in lines can be displayed for any given {ailure
of data deBning the cross-section, lines  2230-2510. Lines 2520-1800 include surface. As currently coafigured the
630-710 define the circle that will gen-  the definition of the soil parameters for  program can handle models including
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A eross-section is drawn of the slope
showing ail soil strala and pteznmemc
surfaces. Each intersect poml beiween
lines on the cross-section is numbered,
with Lhe constraint that all points along
the top line must be numbered consecu-
hvely from left 16, right initisting with
point 1. Points beneath the top line may
be numbered in any ocder. These points

" are then defined with X and Y coordi-
rates (the entire cross-scetion must fall
‘in the first quadrant).

Lines are then specified by assigning
.line numbcrs for. cach line occurring
" between twaend j:oinu-Thue fines are

defined by a left point, a right point and

- the number of ‘the"soil type occurring
beneath the line. Vertical lines are not

_allowed and should be modeled by off-

heal - setting the X- -eoordinate of one end

point by a small amount, i.e., .01, Pi-

- ezometric surfaces within the cross-sec-
“tion are treated ‘a3 any other soil strata
“interface with ulunted soil beacath
;. and unnmnt:d sml above the line scg-
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A }“water, the: urthqu.ake loading factor >

.and information” daﬁnmg any standing

. inputting the Y—cnordmalc of the pool
» elevation and the leﬁ xod right X-coor-
.-dinates defining’ 1hE extent of the pool.
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Igure 2 shows a 1ypical Cruss-scetion
and the inpul parainelers seyuired to
define the cross-section Jor the pro-
gram. The samplc exccution in the box
shows the typical inpul scqneace and
output formats. This result is not neces-
sarily the minimum factor of salcty for
this slope, but the factor ol safety for
the specified failure surface. Additional
runs should be madec using dilferent
centers and radii until the minimum
factor of safety is located.

The program prescoted here is the
nucleus from which system specific en-
hancements should be made. These en-
hancements are not included in this ver-
sion for the purpase of minimizing the
size of the program presented, Particu-
tarly valuable cabancements include
the abilily to cdit interactively, save
input on a disc or tape and perform &
search for the minirnum factor of suf=ty
withoul manually inputting each circls
definition: Additional enhancements
eould include plotting capabilities and
more detailcd diagnostic features, *

'A" computerized evaluation of slope
:tabili;y should never take place apart
from 2 completc evaluation of the geo-
physical conditions javelved. Likewise,
the results should llwayl be subjected
to cvaluauon :nd mlarpr:num based
on curr:nt cngma:rmg pracucc andu-
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